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THE NERVOUS SYSTEM OF THE DOG WITHOUT 
A FOREBRAIN. By GORDON M. HOLMES, MB., 
Medical Travelling Prizeman, Dublin Uniwersity. (Plate I and 
Two Figures in Text.) | 


(From the Senckenberg* Pathological Laboratory, Frankfurt-am-Main.) 


Iv was for long regarded as impossible that an adult creature so high 
in the animal kingdom as a dog could live for any considerable es 
after being deprived of both cerebral hemispheres. 

Professor Goltz succeeded however in performing this operation, 
and, in keeping his “ brainless dog ” alive for more than eighteen 
months. 

‘He first removed the left hemisphere by two separate operations in 
June and November 1889, and afterwards the right in June 1890, The 
basal part of each temporal lobe was allowed to remain lest the optic 
tracts should be injured in their removal. The animal was _ finally 


_ killed in December 1891. His physiological condition has been already 


described very thoroughly by Goltz’; but no complete anatomical — 
examination of the nervous system has yet been published. 

I am indebted to Professor Edinger for kindly placing this valuable 
material at my disposal. He has himself not found the time required 
for a detailed examination of it, but he has desctibed its appearance 
when uncut, and used sections of the series to illustrate his paper on — 
“The Importance of the Cerebral Cortex” read before the Twelfth 
Congress of Internal Medicine. He has also published a description 
of the tractus strio thalamicus from it in the Verhandlungen der 
Anatomischen. Gesellschaft, 1894, and it was in it that the true origin 
of the teenia thalami was first discovered by him. 

In the post-mortem examination the dura was found very much 
thickened and firmly adherent to the scar tissue around it, but it could 
be removed from the surface of the brain without injury to the latter. 


* Goltz. Archiv fir d. ges. Physiol. u. A full abstract is given in Schifer’s 


Text-Book of Physiology, u. 702. 
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2 3 G. M. HOLMES. 


Those parts of the pia mater which remained were also dhinkooed a = 
opaque. 
The medulla and cerebellum appeared quite normal from above, 
| Spee but the prominences of the pyramids on the ventral surface had 
entirely disappeared and were replaced by shallow grooves. The left 
anterior quadrigeminal body was flattened and shrunken and of a 
greyish yellow colour, but the right, which was partly covered by the 
remains of the forebrain, appeared normal. The knife of the operator 
passed, on the right side, along the internal capsule and left the 
ganglia of the thalamus and the optic tract intact; on the left side 
however the corpus geniculatum laterale, the optic tract, the latticed 
layer, the lateral nucleus, and part of the ventral nucleus, of the 
thalamus, were removed. 

The third ventricle, which lay open, was widely distended and 
bridged across by the thin atrophic commissura mollis. Each thalamus 
was very shrunken and degenerated. The corpus callosum and fornices — 
were almost completely removed. Anteriorly the olfactory bulbs, the 
frontal lobes and the greater part of the left nucleus caudatus were cut 
away, the right nucleus caudatus, however, was almost untouched. 
The commissura anterior and its connections with the olfactory lobes — 
were also absent. 

A trace of the cortex belonging to the olfactory area remained 
on the base of. the brain, ventral to the head of the nucleus caudatus. 
The greater part of the left nucleus lenticularis was removed with the 

hemispheres, most of the ‘right on the other hand remained. The 
uncinate gyri of the temparal lobes, which were purposely left behind, 
were the solitary representatives of the hemispheres, but the right was 
shrunken and degenerated, and the left consisted of merely-a thin- 
walled cyst containing clear fluid. 

The optic chiasma was enclosed in the thickened membranes. The 
left optic nerve seemed normal, but the right was flattened, thinner and 
darker in colour. 

An accurate idea of the brain may be. obtained from Fig.1,PL1L 
which represents a view of its dorsal surface. We have also drawn in — 
Figs. a, and b, sections at levels of Figs. 2, and 4, of Pl. I. within those 
from a normal dog from corresponding levels, and from them it is easy 
to see what a large portion has been cut away. The brain was 

hardened in a 3. per cent. potassium bichromate solution, and after 
a having been embedded in celloidin, an almost. uninterrupted series 
) : of frontal sections was made, and stained by Weigert’s hematoxylin 
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: | method;' sections from various regions ‘were however stained with 


Figs. a, (The wight side ofthe brain ison the aft of the drawing) 


I sis also had at my disposal complete series of frontal sections of. 
normal dogs’ brains, stained by Weigert’s method and with carmine, 
for comparison with the microscopic preparations; and also the use of 
the sections of a considerable number of other brains on which Goltz 
had performed various operations; these included one of the — | 
from which he also removed both hemispheres. 

I have been in the by the 
1—2 
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4 M. HOLMES. 
scriptions which Monakow and Langley have published of the 
changes found by them in the brains of dogs which had also been — 
operated on. Monakow' removed one hemisphere from a new-born 
puppy, and after having kept the animal alive for six months made a 
very minute examination of the rest of the nervous system, especially 
of the thalamus and the hypothalamic region. Langley* has de- 
scribed with Sherrington the changes he found in the central nervous 
system of a dog from which Goltz had removed the posterior ends of 
both hemispheres; and with Grtinbaum* has studied the degeneration 
resulting from the almost complete removal of one hemisphere and 
corpus striatum by the same operator in another dog. 

In my case the sections of the anterior end of each hemisphere 
consisted of only dense scar tissue in which neither cells nor fibres could 
be found. The olfactory bulbs had been separated by the operation, © 
but part of each lobus olfactorius still remained on the base of the | 
brain, and is represented in Figs. 2 and 3. : 

The characteristic thick wavy line of cells which distinguishes this — 
region of the cortex in the normal brain is represented by only a few 
cells irregularly scattered about. Many of these appear quite normal, 
but the tissue in which they are placed is dense and ‘sclerosed. The 
lateral olfactory radiation is completely degenerated and not recognisable, 
but a few bundles of the more diffuse median radiation are represented - 
by atrophic fibres, Figs. 2—4. These can be followed much further 
caudalwards, but posterior to the infundibular region they become 
mixed up with other fine bundles, and are then traced further with 
much more difficulty, but many of them appear to reach to the corpora 
mamillaria, and end in therh—Edinger’s ‘ basale Riechstrahlung.’ 

Some of these fibres are collected into a more compact bundle— 
(Fig. 3, Bas. 1. b.)}—the basal longitudinal bundle of Ganser. 

Other fibres ascend from this region in the septum pellucidum, but 
they are much atrophied and end blindly at its dorsal margin, as their 
continuation was cut away (Fig. 2). These represent the peduncles of 
the septum, or the tractus cortico-olfactorius septi of Edinger, which 
passes to the cornu Ammonis, 

Another bundle of much coarser fibres arising from the olfactory 
area may be seen in Figs. 3 and 4, This is the tenia thalami, and 
it too ends blindly in degenerated tissue on the dorsal margin of the 


1 Monakow. Archiv fiir Psychiatrie, xxvu. 
*? Langley and Sherrington. This Journal, v. p. 49, 1884. 
* Langley and Griinbaum. This Journal, x1. p. 606, 1890. 
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thalamus. The fibres composing it are very atrophic, but it is note- 
worthy that their number is not much, if at all, diminished, so that at 
least the great majority of them must arise in the base of the brain and 
end in the ganglion habenulm, or other dorsally placed structure. 

Part of the commissura anterior was cut away and the rest is 
completely degenerated... 

The right nucleus caudatus was practically uninjured by the 


operation. Its large head forms a considerable portion of the whole 


in anterior sections, where its dorsal and lateral margins remain quite 
uncovered (Fig. 2). Further caudalwards it is surrounded by a capsule 
of degenerated fibres, which probably represent its association bundle 
or the tractus fronto-occipitalis. An almost normal number of cells can 
be seen in the nucleus, the majority appear unchanged, but some are 
probably partially degenerated. 

Less of the nucleus lenticularis has remained intact and the putamen 
is small anteriorly but reaches almost its normal size at the levels from 
which Figs. 4 and 5 are taken. It is however much more degenerated, 
especially in its lateral part, than the nucleus caudatus, and contains 
fewer normal cells, but numerous bundles of nerve-fibres branch through 
it, and some can be seen passing as commissural fibres between it and 
the nucleus caudatus. The two divisions of the globus pallidus are 
similarly affected, and are especially poor in fibres. 

_ Owing to the absence of the cortex, and the consequent degeneration 
of the projection tracts radiating into and passing from it, and the 
persistence of the greater part of the corpus striatum, the so-called ansa 
lenticularis or radiatio strio-thalamica can be seen with great distinct- 
ness, and followed from its origin to its end with comparative ease’. 

_ The most anterior part of this formation is represented in Fig. 2 
as it springs from the cells of the nucleus caudatus. The fibres first pass 
vertically into the ventral and lateral part of the degenerated capsule, 
and then bend to run longitudinally caudalwards, so that se of them 
appear cut across in frontal sections (Fig. 3). 

A few bundles from the putamen also join this len at different 
levels, In Figs. 4 and 5, where the nucleus caudatus has become much 
smaller, the fibres which arise from it are united into a single bundle, 


_ which takes an almost hemispherical course ventralwards and inwards. 


In Fig. 4 the ansal formation is in its greatest extent. It will be seen 
from this description that the greater part.of it comes from the nucleus 


1 Edinger originally described this system from this specimen. loc. cit, 
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caudatus, and by comparison with a normal brain it does not appear to 


be much degenerated, and in consequence I think that the descriptions | 


of v. Monakow and others who assert that the lenticular nucleus ’is its 
chief source of origin cannot be accurate, for the dog’s brain at least. 
As we pass posteriorly the formation diminishes rapidly in size and 
becomes less compact, many of its fibres may be traced into the inferior 
pedunele of the thalamus, they are indeed its solitary constituent as its 
cortical fibres are degenerated (Fig. 4, Inf. ped. Th.). Others radiate 
into the other thalamic nuclei, while the remainder, lying between the 
optic tract and internal capsule, pass further caudalwards and gradually 
diminishing in size, end in the subthalamic region. A considerable part 
again breaks through the internal capsule and joins the medullary 
capsule of the corpus subthalamicum, as Monakow has described, and 
finally those which remain end in the substantia nigra. | 

On the left side only a relatively small portion of the basal siiatie 


remains, a few cells on the dorsal margin represent the nucleus — 


caudatus, and the small tract (Fig. 5, Rad. Str-th) which passes ventral- 
wards from them close to the wall of the cyst in the temporal lobe, is 
probably the undegenerated part of the right radiatio strio-thalamica. 
Small traces of the putamen are present and also supply fibres to this 
system. Its terminations are the same as those which I have described 
on the left side. 

We thus find that this large system, the radiatio strio-thalamica or 


ansa lenticularis, is an important tract which arises in the two parts of | 


the corpus striatum and passes chiefly to the optic thalamus, but it also 


gives fibres to the grey masses of the subthalamic region and to the 


substantia nigra. It thus corresponds very closely to that formation 
which Edinger. has described in the lower vertebrates, and named the 
basal forebrain bundle. 

Very little of the optic thalamus was primarily damaged; on the 
right side perhaps only the dorsal part of the anterior and median 
nuclei suffered directly from the operation; notwithstanding this the 
thalamus is enormously shrunken, and very much diminished in size, and 
all its nuclei have undergone more or less severe degenerative changes. 

In the most anterior sections in which the thalamus appears only 
the anterior and lateral nuclei are present, but they contain no normal 
cells though a few very degenerated ones are present, in fact the great 
majority of them has been completely resorbed, and those which remain: 
are merely shrunken and sclerosed elements, which are embedded in 


_ the dense fibrous glia which has here replaced the functional tissue. 
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It is impossible to definitely separate the different nuclei from 
one another, as they have all lost their distinguishing characteristics, 
but the position of the anterior nucleus is defined by the fact that 
Vicq D’Azyr’s bundle ends in it (Fig. 4). .A mass of very fine fibres 
is found lateral to this anterior nucleus which appears to be in intimate 


- connection with the radiatio strio-thalamica, indeed it occupies relatively 


the same position as the dorsal end of the inferior peduncle of the 
thalamus in the normal brain. It ends by breaking up into the 


surrounding nuclei, and probably represents the thalamic end of that 


system which we have seen springing from the corpus striatum. Fig. 6 
is. from about that level where the thalamus is largest in frontal section. 
It may be seen from it that the degeneration is still very extensive. 

The latticed layer (Gitterschicht) contains a few cells of approxi- 
mately normal appearance, as well as some myelinated fibres, but the 
latter are very thin and atrophic. A much greater number of normal 
cells is found in the ventral nucleus, but undoubtedly the most of its 
cells have also disappeared. The lamina medullaris externa begins to 
appear at this level; it is not strikingly reduced 1 in size, but the calibre 
of its fibres is sbhucindls small. 

The other nuclei are represented by only fibrous glia tissue. The 
nucleus centralis or commissura mollis is very much thinner than in 
the normal; this may be partly explained as the mechanical effect of 
the dilatation of the third ventricle, but it is also completely de- 
generated. 

No other changes can . be noticed as we pass pba oeesee except that 
the lamina medullaris externa increases in size, and that additional fibres 
appear in the nucleus ventralis, which represent the cerebral end of the 
median fillet. Part of the tegmental radiation (the ie field of Forel) 
also passes into the ventral nucleus. 

The left optic thalamus is in an analogous state, but the degenerated 
tissue has become so compact that it is impossible to recognise its 
various nuclei; all are however quite as completely degenerated as on 
the right side, and the nucleus ventralis even more so. 

_. The ground substance of the central grey matter surrounding the 
third ventricle is not so much altered as that of the thalamus. It 


- Contains a few cells, but most of them have. suffered pathological 


change. The grey matter of the tuber cinereum is considerably 
diminished, 

Finally it may be remarked that as in chal similar cases re- 
moval of the pallium has induced a very high degree of secondary. 
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degeneration in all parts of the thalamus, and that. this sniallles 
change is least’ marked in the ventral nucleus. Further, the only 
remaining tracts which represent conhections with other. grey masses 
or lower centres are: Vicq D’Azyr’s bundle, the ansa lenticularis, the 
median fillet, the tegmental radiation from the nucleus ruber, Forel’s 


fasciculus tegmenti, and the stratum zonale from the optic tract, and ~~ 
it appears to us that each of these must be chiefly an afferent tract 


to the thalamus, as a sufficient number of cells is not preserved in 
the latter to represent their trophic centres, 

The right ganglion habenule escaped untouched in the operation, 
but a considerable part of the left was removed. Many of the cells of 
the former have remained normal, but their number is diminished, and 
the ground substance in which they are embedded has become so 
degenerated and shrunken that the two divisions of the ganglion can 
be no longer made out. 

The most remarkable change in each ganglion is the slenoet 
complete absence of that dense network of myelinated fibres which 
separate its cells in the normal brain. This state must be connected 
with the degeneration of the teznia thalami, part of which at least 
normally ends here. Three tracts are still in connection with the right 
ganglion ; the thalamic bundle, a mass of fine calibred fibres branching 
into the median nucleus of the thalamus, the commissura habenule, 
which is not much diminished in size, and sa cannot be regarded as 
composed of only the continuation of the’tenia. Its fibres are however 
interrupted in their course and are consequently very atrophic, but 
they must have their trophic centres in the ganglion habenulm itself, 
and finally Meynert’s bundle, the fasciculus retroflexus or habenulo- 
peduncularis which contains a very considerable number of normal 
fibres. 

Honegger discovered that two different kinds of fibres run in this 
bundle, a median non-medullated tract which is enclosed in a tube of 
lateral myelinated fibres, It is impossible to exactly determine the 
state of the former in hematoxylin preparations, but the number of the 
myelinated fibres is not appreciably reduced, and ont can be easily 
followed ventralwards and posteriorly. 

Only a small part of the left ganglion habenulz remains, its part of 
the commissure is represented by only a few fibres, but the thalamic 
bundle is absent. -Meynert’s bundle is very small as it leaves the: 
ganglion, and all the medullated fibres it contains gradually disappear 
at about the level of the aqueduct as it passes ventralwards, none of 
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them reach the base of the brain: Their end (or origin) cannot be 
established. Having reached the base of the brain at about the 
posterior end of the corpora mamillaria, Meynert’s bundles bend 

caudalwards and run immediately on the- margins of the inter- 
_ peduncular furrow, and in this position the relative condition of the 
two tracts can be most easily seen in our preparations, the right is 
undoubtedly very little reduced in size, but the left contains not a 
single normal fibre. The former can be followed into the lateral part 
of the ganglion interpedunculare (horseshoe-shaped nucleus). A part 
of its fibres must decussate as the very fine network into which they 
break up, though very much diminished, is equally present on both 
sides, The above-mentioned nucleus is severely degenerated; the 
median nucleus appears on the other hand almost normal, and from 
it arises the tegmental bundle of the ganglion interpedunculare which . 
is unreduced in size and can be followed through the tegmentum, till 
it almost reaches the central grey matter around the aqueduct. 

As we have above said part of each temporal lobe was purposely 
not removed. The part which remains on the right side contains the 
cornu Ammonis and fascia dentata. In the most posterior planes the 
line of separation corresponds to the inferior horn of the lateral ventricle 
(Fig. 8, Lat. Vent.), but more anteriorly part of the outer wall of the 
ventricle also remains. The ventral and inner part of the uncinate lobe 
was untouched by the operation. It is this part which, in the normal 
brain, bears the subiculum, but here the latter is represented by only 
a few cells in more or less severe states of degeneration. 

In the normal dog’s brain the cornu Ammonis is, in frontal section, 
an oval structure elongated vertically and contains within it the cellular 
layer of the fascia dentata, which is of the same shape. 

At the level of Fig. 9 in the brain described, the Alveus is 
completely degenerated, and contains not a single myelinated fibre, 
The stratum oriens has also disappeared, but the site of the layer of 
pyramidal cells of the cornu Ammonis is marked by a few cells. 
Neither the stratum lacunosum nor the lamina medullaris circumvoluta 
is present. Qn the other hand the cellular layer of the: fascia dentata 
contains an approximately normal number of elements, but at this level 
few of them have escaped pathological change. The majority appear 
atrophied and shrunken, others quite sclerosed and deeply stained with 
carmine ; and-instead of forming a regular line they are arranged in the 
wavy and frequently. interrupted stratum: shown in Fig. 9. This: 
interruption and folding of the stratum must be attributed to the 


% 
‘a 
aa 
& 
34 
ig 
2 
a 
, 
a 
3 
J 
4 
Ps. 
” 
af 
= 
“a 
{ 
> L 
q 
a 


. 


enormous, amount of shrinkage which the surrounding ‘tissue has 
undergone in. its degeneration, while the stratum itself remains much 
more normal. Its cells are embedded in a very dense tissue, ‘but that 
enclosed within it is loose and spongy. | 

In Fig. 8, which is placed more anteriorly, we find the cornu 
Ammonis beginning to divide into its dorsal and ventral parts, the 
completely degenerated fimbria being interposed between them. The 
fascia dentata also here consists of a dorsal and a ventral division, each 
of which may be compared to an oper purse. A new tract appears at 
this level in the ventral part of the cornu Ammonis. It arises within 
the cavity of the cellular layer of the fascia dentata, apparently i in very 
intimate relation with its cells—and leaves it passing dorso-laterally 
(Fig? 12, Assoc. Bd.), and then immediately divides into two bundles, 
the one of which joins the alveus and can be traced to the root of the 
fimbria, the other branch hooks ‘outwards and ends along a row of large 
cells of more gr less triangular shape—the pyramidal cells of the cornu 
Ammonis. #1 propose to provisionally name this tract the Association 
bundle of }the cornu Ammonis, as I cannot find any description of it 
from previous degeneration experiments. It cannot correspond to the 
stratum lacunosum of 8. Ramon y Cajal, as he does not describe any 
such relation between this bundle and the cellular layer of the fascia 
dentata, nor does it appear to derive any fibres from those sources of 
origin to which he attributes this bundle, 1.e. collaterals from the alveus, 
and axis-cylinders from the pyramidal cells of the cornu Ammonis. 
Nor is this bundle the lamina medullaris circumvoluta (stratum zonale 
of Kélliker) as. it neither occupies the same position, nor does it receive 
fibres from the subiculum. 

_ On the other hand its anatomical relationship corresponds exactly to 
the course of the axis-cylinders of the granular cells of the fascia dentata, 
as described by Schaffer, S. Ramdén, and Kélliker. Opposed to the. 
observations of S. Ramén and Kélliker, however, these fibres are in 
our sections medullated, staining well with Weigert’s method. 

Further, a large number of the cells of the fascia dentata are normal 
at this level, which they would not be were their axis-cylinders dogone--™ 
rated ; on the other hand very few normal elements can be found among 
the cells of the cornu Ammonis, 

At the level of Fig, 8 the alveus is represented by a few atrophic 
fibres, which increase in number anteriorly. Corresponding to this 
increase of the number of fibres of the alveus, a few cells can be seen. 
in ‘the subiculum, which must be regarded as forming part at least of 
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their bail centre. A few other fibres pass to the alveus from those 
pyramidal cells of the cornu Ammonis around which the fibres of the 
association tract end. 

t. The dorsal division of the cornu Ammonis ‘hice the dorso- interal 
boundary of this part of the brain (Fig. 7). Its structures are not so 
degenerated as those of the ventral part ; the alveus, stratum lacunosum, 
and stratum zonale are all present, but consist of only varicose and 
atrophic fibres. The pyramidal cells of the cornu Ammonis are poorly 
represented, but those of the fascia dentata though undiminished in 
number appear severely degenerated, many of them are transformed 
into sclerosed structureless masses, darkly stained with carmine. Others 
however appear almost quite normal. Owing to the presence of the 
above-named tracts the association bundle can be recognised, only with 
more difficulty. It is much more atrophied than in the ventral division, 
but has the same connections. 

The fimbria is completely degenerated, except that a . few fine fibres 
pass along its anterior margin, which probably form an association tract 
between the two anterior ends of the cornu Ammonis. | 

A small part of the temporal lobe remains anterior to the cornu 
Ammonis, but it appears completely degenerated, and neither cells nor 
fibres are visible in it (Figs. 5 and 6, Lob. Temp.). The part of the left 
temporal lobe which remains has degenerated into a spacious cyst, whose 
walls contain only a few atrophic cells and nerve-fibres. | 

I may here emphatically say, that although parts of the pallium— 
part of each temporal lobe—have not been removed by the operation, 
I could not find the slightest trace of functional connections between 
them and the rest of the nervous system ; and that those small portions 
which are not completely degenerated were merely isolated centres 
without either afferent or efferent fibre tracts. — 

Each fornix is completely degenerated and can be followed aloné it its 
entire course into the corpora mamillaria. The lateral divisions of the 

- median ganglia in which they end are considerably degenerated and 
especially poor in myelinated fibres. The inner parts of the median 
_ ganglia are more normal, and from them Vicq D’Azyr’s bundles (tractus 
thalamo-mamillares) and the tegmental bundles (tractus tegmento- 
mamillares) spring. The tegmental bundles, which are equally developed 
and normal in size, can be followed for a considerable distance into the 
tegmentum, but Vicq D’Azyr’s bundle is much smaller on the left than 
on the right side; the latter appears undiminished in size, S, Ramén 
and others have shown that these tracts spring from the cells of median 
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_ ganglia of the corpora mamillaria, and as in our preparations:these two 


ganglia are in approximately the same state, the partial degeneration of 
the left Vicq D’Azyr’s bundle must be the result of the removal of the 
greater part of the anterior nucleus of the thalamus in which it ends. 
It is true indeed that part of the right anterior nucleus was also 
removed, and what remains.is very much degenerated, but probably 
the greater. number of the fibres of the bundle itself escaped injury. 

The third bundle in relation to the corpus mamillare is its peduncle. 
This bundle arises apparently from the lateral nucleus, and passes 
horizontally caudalwards between the ronts of the oculomotor nerve, 
parallel to the margin of the pes. It can be easily followed to the 
anterior margin of the pons, and here becomes mixed up with the 
fibres of the median fillet. It is quite unreduced in size; a fact which 
refutes Honegger’s view that it arises directly from the fornix fibres, 

The left optic tract was divided in the operation and both its proximal 
and distal parts are consequently completely degenerated. The degene- 
ration in the latter can be followed up to the chiasma, and it can be 
distinctly seen that the greater part of it decussates, so that while 
posterior to the chiasma the normal fibres lie in the right tract, 
anterior to it they have almost all crossed to the left. side, so that the 
left optic nerve is almost normal; but the right contains very few 
medullated fibres, and it is interesting to note that these are nut 
contained in any special part of the nerve, but are intermingled with 
the degenerated fibres. So in the dog the decussation of the optic 
nerves in the chiasma is almost complete. No other changes could be 
with certainty recognised in the optic nerves; perhaps the individual 
fibres are slightly atrophic. A few fibres appear to pass from the 
anterior margin of the chiasma into the basal part of the brain, but 
they cannot be followed to any definite termination. 

Meynert’s commissure is but little diminished in size. Its chief 
mass lies above the chiasma (Fig. 5, M. Comm.), and it can be seen to 
pass laterally and somewhat posteriorly through the basal part of the 
brain, parallel and close to the optic tracts, It is particularly distinct 
on the left side, where the latter is degenerated. It becomes lost on 
each side among the fibres of the ansa, and can be followed no further. 
From these preparations it seems probable that it is a commissural 


connection between the two anse. There are indeed few other normal. 


cell masses or bundles of fibres in this region from which it could take. 
its origin. It is certainly not in direct connection with the optic sda 
nor with the corpus subthalamicum as Kélliker one 
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Anterior Quadrigeminal Bodies. The stratum zonale of the right 
body is represented by only a few atrophic fibres, but it is completely 
absent on the left side. As the stratum is partially degenerated on the 
right side where the optic tract is normal, it is evident that some of its 
fibres must have another origin which has been removed. _Monakow 
has shown by his experimental researches that this is in the cortex of 
the occipital lobe. On the other hand it is completely absent on the 
left side, as the left optic tract is also degenerated. 

Only a few nerve cells can be seen in the subjacent grey matter, 
the cappa cinerea; and the middle medullary layer is somewhat reduced 
on both sides, but most of the nerve cells contained in it are normal. 
The fibres forming the deep medullary stratum (tiefes Mark) appear 
unchanged . and unreduced in number. 

There is a very apparent reduction in the number of cells of the 
central grey matter surrounding the aqueduct, and many of those which 
remain are considerably degenerated. The anterior end of the left body 
was so severely injured by the operation that it is degenerated into scar 
tissue. The right anterior brachium is considerably reduced in size as 
compared with the normal, but the left is completely absent. 

No trace of the left corpus geniculatum laterale remains; most of it 
was removed by the operation, and any remaining part is transformed 
into scar tissue. The posterior end of the right body is a single 
structure almost embraced within the optic tract (Fig. 8, C. Gen. 1.), 
but a little further forwards it is divided into two parts by a horizontal 
white lamella. The dorsal part [Fig. 7, C. Gen. l. (a)] contains a dense 
network of myelinated fibres, which apparently comes from the optic 
tract, and a few cells. Unfortunately I have only preparations of this 
region stained with hematoxylin, so that the condition of the latter 
cannot be accurately made out. In the ventral part [C. Gen. l. (b)], a 
network of fibres can also be seen, but it is much less dense, and no nerve 
cells are contained within it. This description agrees with Monakow’s 
experimental results, that the caudal part of the dorsal division of 
this ganglion contains cells whose axons pass to the retina. Further 
cerebralwards these two divisions are more widely separated by a broad 
band of absolutely degenerated tissue,—the optic radiations from the 
pulvinar, but here both are of identical structure, consisting of dense 
fibrous glia tissue traversed by fine myelinated fibres, but containing 
few or no cells at all. The optic tract supplies these myelinated 
fibres, but they are not arranged in distinct lamell# as in the normal 
brain. 
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' The remainder of the optic tract passes round the dorsal division 
of the ganglion and ends in the stratum zonale, which forms such a . 
_ striking feature as it lies on the surface of the degenerated thalamus 

(Fig. 7, Str. zon.). 

_ Another ‘small ganglion; also completely degenerated, lies ventral to 
the posterior ends of the above-mentioned bodies, on the inner side of 
the optic tract. It is the ent ventral ~— of the corpus eo 
laterale (Fig. 7, C. Gen. 1. vent.). 

A small-tract, which probably springs from the opticus and . 
spinalwards towards the median geniculate body, is seen in Fig. 7 
(Comm. inf.). Tt may represent Gudden’s inferior commissure. 

 Pulvinars. Owing to the enormous amount of degeneration and 
shrinkage which the thalamencephalon has undergone, the posterior 
ends of the pulvinars are not at first easily recognisable. 

On the right side ‘it lies median to the lateral geniculate body 

(Fig. 8). It consists of a fibrous ground-substance containing a few 
isolated and very degenerated cells and numerous fine varicose nerve- 


fibres which apparentiy come trom the optic tract. The white lamella... 


which separates it from the nucleus ventralis in the normal brain has 
been also resorbed. The left pulvinar was also injured by the operative 
proceedings, and is almost completely absent. Its posterior end is 
represented by a small patch of degenerated tissue, which contains 
neither cells nor fibres. . 

On each side a small tract of medullated fibres passes from the— 
lateral margin of the anterivr quadrigeminal body ventralwards, be- 
tween ,the posterior quadrigeminal: body and the median geniculate 
_ body, over the posterior branchium. It can be easily followed round 
the ventral margin of the degenerated pes. This is the tractus 
peduncularis transversus, but it does not here sink into the pes as 
has been described, but passes medianwards through the roots of the 
oculomotor nerve till it almost reaches the margin of the inter- 
peduncular furrow, when it turns dorsalwards and soon becomes lost 
‘among other bundles of fibres close to the raphé. If any of its fibres 
dipped through the pes they would: be very apparent owing to the 
complete degeneration of the latter. 

The right tract is somewhat diminished in size, the left is con- 
siderably so. The latter fact agrees with Gudden’s results, as he: 
found partial degeneration of one after enucleation of the opposite eye, — 
while in my specimen the same factor was present, as the left pee 
tract was completely degenerated ;: further, Monakow found them: 
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atrophied after removal of Munk’s cortical visual sphere, a fact. which 
_explains the diminution in size of the right tract in my sections. 

Many of the cells of the posterior quadrigeminal bodies are some- 
what shrunken and smaller than normal, but their ground-substance | 
is unchanged, and the network of medullated fibres within it un- 
diminished. The lateral fillet can be followed into its posterior end ; 
it is unreduced in size and its fibres appear perfectly normal. The 
nucleus of the lateral fillet (Fig. 11, NV. lag.), is also normal. The 

_ posterior brachium of the right side is a little smaller than normal, 
probably due to the finer calibre of its constituent fibres (Fig. 10, 

_ Br. Post.). On the left side, however, it is very considerably de- 
generated, and appears much more so further cerebralwards, and the 
few atrophic fibres which represent its anterior end terminate in scar 
tissue. 

The right corpus geniculatum mediale (Fig. 9, 0. Gen. 1m) is not very 
much smaller than normal, but its medullary capsule is considerably 

reduced. Internally it consists to the greater part of loose sclerosed 
— tissue and numerous small glia nuclei. In its anterior part we find 
a few very shrunken nerve cells, but posteriorly where the posterior _ 
brachium divides up within it these are present in increased numbers, 
and appear much more normal. The degenerated cells are small and 
stain deeply with carmine. Its peduncle is severely degenerated, but 
\._« @ few fibres are still present, which appear normal, 

The left corpus geniculatum mediale is almost completely wanting, 
the small portion of its caudal end which remains consists of only 
degenerated tissue. No trace of its peduncle.can be found. 

_ The dorsal longitudinal bundles appear absolutely unchunged. As 
in the normal brain, they become very- much smaller above the region 
of the oculomotor nuclei and the posterior commissure. The fibres 
which remain can be traced into those heaps of cells in the lateral — 
walls of the posterior part of the third ventricle, median to Meynert’s 
bundles, in which they end. These are the nuclei of the dorsal 
longitudinal bundles or “the sagittal nuclei of the interbrain ”; their 
cells are normal (Fig. 8, WV. F. l. Dors.). 

: The tegmental fasciculus of Forel (Haubenfascikel) which lies 
dorsal and lateral to the dorsal longitudinal bundle, is of normal size 
on the right side. Its fibres do not appear to be atrophied and can 
be followed into the thalamus to about the level of the ganglion 

habenule. Here they lie close lateral to Meynert’s bundle, and break 
up rapidly into a fine network in the lateral and ventral nuclei of the 
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thalamus. On the left side this tract is smaller and many of its fibres 
are thin and atrophic, changes which must be attributed to the injury 
of the left thalamus. Many of the large cells of the nucleus ruber 


appear unchanged, others are somewhat shrunken and stain palely 
' with carmine. The bundles of fibres which pass between and around 


them are not much diminished in number. At the cerebral-end of 
the nucleus these fibres are collected into a loose system and known 
as the tegmental radiation (Haubenstrahlung). It  ¥ almost normal 
size on the right side, though some of its fibres are of abnormally fine 
calibre. The left system ison the other hand considerably degenerated. 
These end in the posterior ‘part of the thalamus, dividing into a dense 
median mass of fibres (H, of Forel) in intimate connection with the 
lamina medullaris externa, which appears unreduced on, each side; and 
into a lateral wedge-shaped formation (H, field of Forel) which is 

considerably rarified on the right side and almost absent on the left. — 


It appears to end in connection with the corpus subthalamicum. It 


appears to me that it is only the fibres of this lateral division which 
have undergone atrophy or degeneration, and that the median division 
has escaped pathological change. | 

A diffuse area is also present almost unstained by Weigert’s 
method, lateral to the nucleus ruber and tegmental fasciculus, in the 
so-called formatio reticularis. A considerable number of the fibres 
which are normally found here have been undoubtedly absorbed, and — 
others which remain are thin and atrophied. This aréa of degeneration 
can be traced at least from the anterior margin of the pons, and it 
increases considerably in size eerebralwards till it loses its continuity 
in the degenerated thalamus at about that position where the lamina 
medullaris interna is found in the — in. This change would 
indicate that an efferent tract from thé optid thalamus passes caudal- 
wards through the formatio reticularis. Edinger has already figured 
such a tract, and it may correspond to one of those described by 
Wallenberg, Probst and others, from experimental work. | 

Meynert’s (ventral) and Forel’s (dorsal) tegmental decussations 
appear normal, but the decussatio subthalamica which lies dorsal to 
the corpora mamillaria is considerably reduced in size; those fibres — 
which it still contains appear to come from the tegmental radiation. 
Perhaps its partial degeneration may be explained by Honegger’s 
view that some of its fibres take their origin from the columns of the 
fornices. a 

The corpus pena. is a well-bounded structure in the 
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dog’s brain. The medium half of each body appears quite normal ; 


its cells have suffered no change, and the dense network of fibres 


between them is undiminished. But only a few cells are present in 
its lateral part, and the fibres which are normally found between 
them are severely degenerated, so that this part stains very little 
by Weigert’ s method. The dorsal capsule over this portion of the 
body. is reduced in size and the lateral radiation is very much de- 
generated. 

Each body is in- dubai the same state, the left perhaps 
is more affected. e must connect this degeneration of the lateral 
half of each body with the removal of some other part of the brain 
(e.g. cortex or corpus striatum) which ig functionally connected with 
it. Monakow, from his experimental and pathological researches, 
came to the conclusion that the corpus subthalamicum is affected 
only when the corpus striatum is removed, a fact which agrees very 
well with what I find. He does not, however, describe such a localised 
degeneration as is present in this case. In sections of this region from 
a normal dog’s brain, which were stained with carmine, I find that 
the cells of the median half of the corpus subthalamicum are large, 
round, and palely stained, while those of the lateral portion are smaller, 
give off many processes, and stain more darkly. Bernheimer and 
Kélliker describe some of the fibres of the optic tracts ending in 


these bodies. Goltz’s dog affords a unique chance of observing this 


connection, if it exists, as the pes lying between the two structures 
is on each side degenerated, and the opticus on the left side. I cannot, 
however, see a single fibre of the right optic tract passing through 
the pes; and the fact that the left body is no more degenerated than 
the right confirms the opinion that no such connection exists. 

At about the level of; the corpora mamillaria a few oblique and 
transverse fibres begin to appear in the pes, which contained not a 
single normal fibre further caudalwards. These are at first limited 
to its lateral half, but increase in number as we pass anteriorly, till 
under the corpus subthalamicum they compose a dense formation, 
the bundles of which run vertically through the pes and dorsally 


join the ‘capsule of the subthalamic body. In frontal section this 


whole formation resembles very much a comb whose teeth pass neutral- 
wards through the degenerated pes (Fig. 7). It is very difficult to 
make out with certainty the end and origin of all these fibres. 
Laterally they seem to pass into the ansa lenticularis and dorsally 


_ into the capsule of the corpus subthalamicum. They are much less 
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numerous on the left side, where the greater part of the ansa is also 
wanting. 


A relatively Lites bundle which passes lateralwards ica the ventral 
margin of ‘the left pes between the capsule and the degenerated optic 
tract forms a prominent feature at this level (Fig. 7 X). It is apparently 
the continuation of this “comb formation,” and .ends laterally in scar 
tissue. The fibres which compose it are very thin and atrophied, and 
must be regarded as a connection between the corpus subthalamicum 
and the cortex or the corpus striatum, both of which are here removed. 


Its median end must represent its origin as laterally it ends blindly in 


scar tissue, and it must therefore not be confounded with the fibres of 
the ansa, as these are usually described, that is, fibres which have their 
trophic centres in the corpus striatum ; but our tract is normally inter- 
mingled with these fibres. I could not separate it on the left side from 


the undegenerated fibres of the ansa. 


Substantia nigra. The left pes is much flatter and less prominent 
than the right (Fig. 10), and on section it may be seen that this 
difference is due to the shrinkage of the substantia nigra on the left 
side, The number of cells and the amount of myelinated fibres con- 
tained in this structure are abnormally small on both sides, but 
relatively less on the right, indeed almost all the cells here have been 
completely absorbed. The boundary between it and the pyramidal 
tract is on neither side easily distinguishable. In sections stained 
with carmine the ground-substance of both appears sclerosed and 
densely packed with glia nuclei. The partial degeneration of the 
substantiz nigre is probably dependent on the partial absence of the 
corpora striata, which as we have above described supply bundles of 
fibres to them. Further the relatively greater change on the left side 
corresponds to the more extensive destruction of the left corpus 
striatum. Langley and Griinbaum have drawn similar conclusions 
from the material examined by them. Monakow has, on the other 
hand, connected this degeneration with injury to the frontal lobe, and 
has published a pathological case in which it was present, although the 
basal ganglia appeared normal on microscopic investigation. In the 
present case both primary lesions may have taken part in its pro- 
duction. | 

Posterior commissure.. Its left end was so severely injured by the 
operation that it has suffered a considerable one of fibres, but those: 
which persist are normal. 

Pyramidal tracts. The amount of diisnecodliey’ in the sos cord 
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is extremely small. One might easily fail to see it by casual observation, 
but with a weak magnification we can make out that a small and ill- 
defined area lateral to each posterior horn is unstained by Weigert’s 
method. This is the site of the pyramidal tract or tractus cortico- 
spinalis, The degenerated area increases considerably in size as we 
follow it through the medulla oblongata, and much more so in the 
pons, where the cortico-pontal tracts join it. In the mid-brain the 
degenerated area occupies the whole of each pes, ventral to the sub- 
stantia nigra, which is indeed very hard to distinguish from it. 
Not a single myelinated fibre can be seen in it on either side caudal 
to the level of the corpora mamillaria, but here the “comb formation,” 
which we have described above, begins to appear. 

The internal capsule contains not a single projection fibre to or from 
the cortex, but it is obliquely crossed by the bundles of the ansa which 
spring from the nucleus caudatus. 

The anatomy of the pyramidal tract of the dog has been so minutely 
described by Langley and others, that it is unnecessary to do so here, 
especially as I have no new facts to add. I have found no other 
changes in the spinal cord; all the rest of the white substance stains 
‘normally with Weigert’s method. 

The median fillets stand out plain in all our sections frees the 
medulla to the mid-brain. The right is considerably larger than the 
— left, and this disproportion increases as we pass cerebralwards, till 
the latter is completely interrupted at the level of the corpus genicu- 
latum mediale by the fibrous tissue resulting from operative injury. 
Not a single one of its fibres can be traced further.. The right fillet 
can be followed into the ventral nucleus of the optic thalamus, where it 
ends by splitting up among the degenerated cells. It is not sensibly 
reduced in size, and at least in thé pons comparison with a normal 
preparation does not show that it is relatively any smaller. The calibre 
of most of its fibres, on the other hand, is finer than in normal prepara- 
tions, in fact it has undergone some degree of simple secondary atrophy. _ 
The right fillet has however lost some of its fibres, and those which 
remain are more atrophic. 

In a second brain in which, as only one hemisphere had been 
removed, the slightest changes could be ascertained by comparison 
with the normal side, I find the median fillet, fibre arcuate interne, 
and posterior column nuclei quite undegenerated. — 

The fact that no appreciable number of fibres in the median fillet | 
have degenerated after removal of the cortex corroborates the views of 
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_ Monakow, Mahaim, and Piciichowsky, that it has no direct con- 
4 nection with the forebrain. 
4 _. The ventral surface of the pons is flattened, a change not due alone 
@ to the absence of the pyramidal and cortico-pontal tracts, but also to 
| reduction and shrinkage of the grey matter lying between the fibres of 
q the middle cerebellar peduncle. Its cells are not appreciably fewer than 
| normal, but many of them are smaller and atrophied, some more sclerosed 
and deeply stained with carmine. But the most striking change is the 
complete absence of the network of myelinated fibres normally found 
| between these cells, and the shrinkage and sclerosis of the ground- 
. substance in which they are embedded. In spite of this pathological — 
| change, no a * is recognisable in the fibres of the middle cerebellar 
peduncle. 
| | All the other structures of the pons and medulla are normal. The 
| corpus restiforme of each side is quite unchanged, and I can find nothing 
| abnormal in the cerebellum. The superior cerebellar peduncle is perhaps 
slightly reduced in size, and some of its fibres may be of abnormally fine 
calibre, but I cannot however assert this with certainty. 
No changes were to be seen in any of the cranial nerves or their 
nuclei. 

The preceding and earlier observations on the removal of the 
cortex show that the grey matter and fibres of the spinal cord and 
medulla form, in the dog, nervous centres almost independent of the 
forebrain, and connected with it only by the comparatively small tracti 
cortico-spinales. The forebrain connections with the pons and cere- 
bellum are represented by the cortico-pontal tracts, but that with the 
midbrain is less intimate and only composed of a few fibres passing to 
the substantia nigra and anterior quadrigeminal bodies. In fact the 
pons and midbrain too appear to be divisions almost independent of the haul 
higher centres. 

The interbrain or thalamencephalon, the geniculate bodies included, 
as is known, degenerates largely after removal of the pallium. Thus 
the more caudal divisions of the central nervous system, besides being 
the simplest in construction and first to obtain their full development 
in the animal series, are also the most independent of the pallium in 
the creatures which possess one. The connection between the inter- 
brain and mantel is so intimate, that the former is not capable of 
existence after the removal of the latter, and much more so than 
between the two divisions of the forebrain itself, the pallium and the 
i corpora striata, for we have seen that those portions of the latter body 
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which were not injured by the operation have undergone hardly 


appreciable secondary change. 

It is further interesting to note that there is a broad resemblance 
between the nervous system of this dog without a forebrain and that of 
the lower vertebrates which possess no functional pallium. 

_In the bony fishes the mantel is represented merely by an epithelial 
plate, and here the interbrain is relatively very small, and has very 
meagre connections with the posterior lying centres ; on the other hand 
the tractus strio-thalamicus, quite analogous to the ansa of mammals, 
connects it with the forebrain ganglia. Not only the thalamus, but 
also the geniculate bodies are ill-developed when a cortex is not 
present; on the other hand the epithalamus or ganglion habenule and 
the hypothalamic structures develope almost independently of the 
mantél, and are almost constant in size from the lower to the higher 
vertebrates. And we have seen that they have been comparatively 
well preserved after removal of the cortex. The corpus striatum too 
is phylogenetically quite independent of the mantel ; Edinger, in fact, 
makes the remark that the more highly developed the mantel the more 
unimportant the corpus striatum appears to be, while the greater part of © 
the ganglia of the interbrain grows step for step with the development 
of the forebrain. In fact the undegenerated parts of the nervous system 
of the “brainless dog” exhibit a similarity to that of the fish in the 
parts of which it consists; so that the nervous system of the mammal 
may be regarded as that of the lower vertebrate plus a functional 
forebrain cortex, and those parts which we have found incapable of 
anatomical existence without it, z.e. “the forebrain parts'” (Grosshirn- 
theile) of Monakow. 


SUMMARY AND CONCLUSION. 


Numerous other investigators have examined the degenerations 
brought about by destruction of limited portions of the cerebral cortex, 
and a few descriptions have been published of the state of the nervous 
system after a hemisphere has been more or less completely removed — 
(Langley and v. Monakow). The former results have the advantage 
that by them the primary injury causing a certain degeneration can be 
accurately localised, but the latter give us a more complete idea of the — 
connections of the forebrain as a whole. 


It may be pointed out that part of the discrepancies in the results 
1 See also Edinger, loc, cit. 
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of earlier work in this région of brain anatomy are due to the fact that 
some have operated on newly born or very young animals, and others 
on adult creatures, and in the former case “simple secondary atrophy ” 
or “atrophy from disuse” are met with to a much greater extent, and 
systems of neurons, in functional, but in no direct anatomical connection 
with the injured parts, are found in abnormal and pathological states. 

_ In summarising then the more important facts, obtained in my own 
work, I will first give those which are confirmatory of observations made 
by one or other of my predecessors. Removal of the cerebral cortex 
causes complete degeneration in, 

_ (a) Most of the cells and sclerosis of the glia of the optic thalamus, 
as Guddon first described. As noted by v. Monakow the’ ventral 
nucleus of the thalamus suffers less than its other parts, though the 
number of cells in it is reduced, and many of those which remain 
atrophy. Further the amount of myelinated fibres in the grey matter 
of the interbrain is greatly diminished, but this change is also less 
marked in the ventral nucleus. 

These results go far to show that Goltz’s hope that a subsequent 
operator would succeed in removing the mantel and leaving the inter- 
brain in a normal state, will never be realised, so closely is the existence 
of the one dependent on the integrity of the other. 

(6) The cortico-spinal and cortico-pontal tracts. 

_(c) All parts of the fornix which are separated from the cornu 


Ammonis, and a localised degeneration in the corpora mamillaria, The 


other bundles in connection with the corpora mamillaria are not 
directly affected by the removal of the cortex, but Vieq D’Azyr’s bundle 
undergoes partial degeneration when the anterior.nucleus of the thala- 

mus is injured, ms 

Removal of the cortex has no, o appreciable influence on the corpus 
striatum or the radiatio strio-thalamica, but the latter tract degenerates 
when the corpus striatum is injured, and proportionally to the extent of 
the injury. 

It causes great degeneration of certain nerve cells of the primary optic 
centres, t.e. the pulvinar, lateral geniculate bodies, and anterior quadri- 
geminal bodies, but the splitting up of the optic fibres within these 
grey masses remains unaffected and no appreciable changes occur in 


the optic tracts or nerves which can be attributed to this degeneration. 
The pulvinar is the most uniformly affected, while the caudal end of 


the dorsal division of the lateral geniculate body, as v. Monakow has 


_ described, does not lose all its cells. The anterior quadrigeminal bodies 
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suffer least. (The superficial stratum zonale partially degenerated 
on the side on which the optic tract was normal, but was completely 
absent on the other side where this was also degenerated, indicating . 
two sources for its fibres.) The cells of the superficial grey matter 
and the fibres of the middle white layer also suffer considerably. — 
Meynert’s commissure on the other hand remains unaffected. _ 

It produces very little change in the posterior quadrigeminal body, 
but its brachium degenerates somewhat. The median geniculate body, 
on the other hand, suffers severe degeneration, and most of its cells 
completely disappear. 

It causes some scelerosis in ground-substance of the grey matter of 
the pons and some atrophy of its cells, as Langley and Griinbaum 
first described. 

The removal of the cortex does not cause appreciable degeneration 
in the median or lateral fillets, a fact which shows that these parts are 
not in direct anatomical connection, nor in any part of the cerebellum, 
nor in the cells of the motor or sensory nuclei, either cranial or spinal. 

The great degeneration observed in the substantia nigra must, at 
least in part, be attributed to injury of the corpus striatum. 

The atrophied and degenerated area which was found in the 
formatio reticularis of the tegmentum probably sis coma the — 
of an efferent tract from the thalamus. 

I have also found in the specimen described that 

(a) When the temporal lobe is isolated from the rest of the brain 
only one tract, of fibres within it, which passes from the fascia dentata 
to the pyramidal éells of the cornu ammonis, remains undegenerated, 

(b) The cells and fibres of a definite area (i.e. its lateral part) of 
the corpus subthalamicum degenerate on removal of the cortex. 
v. Monakow believed that the corpus subthalamicum only suffered 
after removal of the corpus striatum, but as in the case described the 
amount of change on each side was not proportional to the extent of 
the injury of this structure other relations must exist. 

- (c) The fibres which we have named the “comb formation” of the. 
pedunculus probably arise from the corpus subthalamicum and the 
fibres of the radiatio striothalamica. 

(d) Besides these fibres the corpus subthalamicum gives origin to 
others which pass laterally to end in the corpus striatum or cortex. 

(e) The parts of the brain of the mammal which degenerate on 
removal of the cerebral cortex are those which are not represented in 
the brain of those lower vertebrates which have no functional pallium. 
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PLATE I. 


Figs, 2 to 11 represent frontal sections, from various levels, in anteroposterior order, 


They have been 
magnified about four times. 


Fig. 1. 
Fig. 2. 


Brain from above. Drawn from a photograph, 


Area olfact.—olfactory area of the base of the brain. 


Int. cap.—a small part of the degenerated internal capsule. 

Lat. Vent.—anterior horn of the lateral ventricle. 

Med. olf. Rad.—the median olfactory radiation. 

N. caud.—nucleus caudatus. 

Rad. str-th.—radiatio striothalamica. 

Sept.—septum pellucidum. | 
Tr. sept.—tractus cortico-olfactorius septi. 


. Bas. l. bd.—basal longitudinal bundle of Gauser. 


Tenia—tenia thalami. 


Cyst—the cyst in the right temporal lobe. 

Inf. ped. Th.—the inferior peduncle of the thalamus. 

Lob. temp.—the temporal lobe. 

V. D.—Vieq D’Azyr’s bundle; ending in the anterior nucleus of the Oasis 


Comm. moll.—commissura mollis. 3 
Lom. ext.—lamina medullaris externa thalami.- 
M. comm.—Meynert’s commissure, 


Str. zon.—stratum zonale thalami. — 


C. Gen. 1. (a)—corpus geniculatum laterale—dorsal part. 

C. Gen. 1. (b)—corpus geniculatum laterale—ventral part. | 

C, Gen. l, (vent.)—corpus geniculatum laterale—ventral 
Comm, inf.—Gudden’s inferior commissure. — 

Corp. subth.—corpus subthalamicum. 

Fase. dent.—cellular layer of the fascia dentata. 

Gang. hab.—ganglion habenula. 

X.—lateral fibres of the “comb formation.” 


M. b.—Meynert’s bundle, or tractus habenulo-peduncularis. 


Comm. post.—posterior commissure. 

Corp. mam.—corpora mamillaria. 

C. Gen, m.—median geniculate body. 

F. F. teg.—Forel’s fasciculus tegmenti. 

Form. retic.—formatio reticularis of the tegmentum. 

Lat. Vent.—posterior horn of the lateral ventricle. 

N. F. 1. dors.—nucleus of the dorsal longitudinal bundle. 

Ped, C. M.—peduncules of the corpora mamillaria. 

Teg. rad.—the tegmental radiations ; Meynert’s bundles pass through them. 
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Fig. 10. 
Fig, 11. 


Fig. 12. 
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Section through anterior quadrigeminal bodies. 

Br. post.—brachium of the posterior quadrigeminal bodies. 
F. 1. dors.—dorsal longitudinal bundle. 

N. ruber—the nucleus ruber of the tegmentum. 

III.—the oculomotor nerve. 


Gang. interped,—ganglion interpedunculare. 


Fillet lat.—lateral fillet. 

Fillet med.—median fillet. 

N. laq.—nucleus of the lateral fillet. 

M. ped. cer.—middle cerebellar peduncle. 
S. ped. cer.—superior cerebellar peduncle. 
Pyr.—degenerated pyramidal tracts. 


A more highly magnified drawing of the cornu Ammonis, from a section 
somewhat anterior to Fig. 8. 

Assoc, Bd,—the “association bundle’; part of it ends in the alveus, the rest 
along the layer of cells, Py. c. A. 

F. d.—fascia dentata. | 

Py. c. A.—layer of pyramidal cells of the cornu Ammonis. 
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‘ON THE FILM OR “SKIN” OF WARMED MILK 
AND OF OTHER PROTEID SOLUTIONS. By R. 
JAMISON, Trinity Oollege, Oxford, anp A. -F. HERTZ, 
Demy of Magdalen College, Oxford. 


(From the Physiological Laboratory, Oxford.) 


Introductory. Very little accurate work seems to have been done 
in order to explain the formation of “skin” on warming milk. Hoppe- — 
Seyler! thought the film was coagulated lactalbumin. Sembritzki 
by continually removing the film as it formed obtained 1:02°/,, which 
is a larger percentage than that of lactalbumin in milk, 0°75 °/, being 
the highest estimate for this (Gorup-Besanez). Hence Sembritzki 
concluded that caseinogen must help on the skin formation. 

Harris* found that the film gave a kind of emulsion on rubbing 
with lime water, and that rennet gave a clot with this. He concluded 


_ that the film is precipitated caseinogen which has risen instead of 


fallen, carrying some fat with it. Without giving any reasons, he 
suggests that the film is not pure caseinogen, but caseinogen combined 
with calcium phosphate. 

The unsatisfactory state of knowledge on the subject is shown by 
the account given in Schdfer’s Text-Book of Physiology’, viz. that “skin ” 
forms by coagulation of lactalbumin, which carries some caseinogen and 
fat to the surface, where partial drying occurs. 


A. The formation of a film on milk depends upon its fat. 


1. The temperature of film formation on cream is 53°. 
2. The temperature of film formation on skimmed milk is 61°. 
3. The temperature of film formation on skimmed milk, centri- 


fugalised 2 minutes is 69°, but the formation is very slow, even 
at 100°. 


1 Hoppe-Seyler. Virch. Arch. xvu. p. 417. 1859. 
2? Harris. Journ. Anat. and Phys. xxrx. p. 188. 1895. 
* Vol. 1, p. 126, 1898. 
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_ 4 The temperature of film formation on milk centrifugalised 
1 hour is 83°, and the formation is very slow even at 100°; but 
even in this case fat is still present, as caustic soda does not produce 
complete clearing, and fat is present in the film, as shown under the 
microscope after staining it with osmic acid or with Sudan III. 

5. Milk filtered through asbestos with a negative pressure of 
700 mm. Hg contains no fat, as it clears completely with alkali. The 
solution is opalescent and contains both caseinogen and lactalbumin, 
it gives no film on boiling. 

Hence the formation of a film on milk increases with the amount 
of fat present, and none forms in absence of fat. 


B. Phe naar of the mater forming th 


1. ‘Milk deprived of its fat by filtering through asbestos forms 
an emulsion with rancid cod-liver oil to which very dilute sodium 
carbonate has been added. This mixture readily gives a film on 
warming to 65°, though the cod-liver oil alone with sodium carbonate 
gives no trace of one. » i | 

2. Pure vaseline was boiled with strong caustic soda for one hour. 
The solution contained no trace of soap. The vaseline was next washed 
with distilled water, and then dissolved in ether and filtered; the 
ether solution was finally evaporated. This purified vaseline could. with 
difficulty be made to give an emulsion with filtered milk. A film 
formed on. warming, showing. that paraffin can er fat for the 
of a film. | 


C... The nature of the proteid in solution is immaterial. — 


This was investigated by making emulsions with various proteid 
solutions. The emulsions were made with the following substances: 
~ (a) Rancid cod-liver oil and dilute Na,CO,. This mixture always 
readily gave a permanent emulsion. | 
(6) Vaseline purified as in B; the emulsion was less permanent 
than (a) and far harder to obtain. 
(c) Pure liquid paraffin (as used for mounting histologioal prepa- 
rations). This gave such a poor emulsion ne it was only tried with 
serum and caseinogen solution. 
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, The following results were obtained : 

Serum, which gives no film, when warmed by itself, gave one. when 
mixed with (a), (6) or (c). This was not due to coagulation of serum 
proteids, as it formed at 42° in the case of (a) and at 45° in the case 
of (6). 

Serum, from which serum globulin had been separated by half 
saturation with ammonium sulphate, gave a film with (a) and (b). 

_Egg-white, which forms no film by itself, does so with (a) and (0). 

Solution of washed milk film in lime water, though forming no film 
by itself!, does when mixed with (a), (6) and (c). This solution con- 
sisted of pure caseinogen [wide F. (a)]. 

Filtered milk from which the caseinogen was removed by half 
saturation with ammonium sulphate, and which, therefore, only con- 
tained lactalbumin, gave a film with (a) and (6). 

Alkali albumin was prepared by boiling fibrin with water for sient 
hours. The fibrin was then washed and boiled with 0°3 °/, caustic soda. 
The filtered solution, which could only contain alkali albumin, gave a 
film with (a) and (b). 

Acid albumin, made by treating alkali albumin with dilute hydro- 
chloric acid, gave a film with (a) and (6). 

Filtered solution of Witte’s peptone, which gave no film alone 
however much it was concentrated, gave one with (a) and (b). The 
, film dissolved on shaking, and in appearance was precisely like the 

“skin” of milk. 
Pure gelatin solution after boiling and filtering gave a film with (a). 


D. Influence of various conditions on film formation. 


1, Milk was covered with paraffin and boiled. On cooling no 
trace of a film was found under the paraffin. 

2. Milk was boiled in a vessel with only a small slit in its stopper. 
After*plugging the slit with paraffin, the milk was allowed to cool, but 
no film formed. If precautions were not taken to keep the air over 
the milk saturated during cooling a film formed, even thoage none was 
formed during the warming. 

The above results might possibly be due to-surface cooling rather 
than drying being a necessary condition. That this is not the case was 
shown by boiling milk in a vessel with a narrow exit tube; no film 


1 It is generally said that caseinogen solution forms a “skin” when warmed by itself. 
(Harris, loc. cit.) But this is no doubt due to the presence of fat in the solution. 
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formed. On now passing air, warmed to the temperature of the milk 
by passing through a long coiled lead pipe in the same bath as the 
vessel containing: the —_ over the milk a film was —— 
obtained. 
3. Ammonium oxalate in sufficient quantity to precipitate all the 
lime salts of milk had no effect on the film formation. . 
Shaking continually during boiling prevented the formation of film. 


EK. The specific gravity and structure of the film. 


The film floats on,water. After washing in ether it sinks in water. 
Hence it floats owing to the fat it contains. Increasing the specific 
gravity of milk by addition of lactose had no obvious effect, the film 
forming at exactly the same temperature as in a control — ‘ot 
ordinary milk. 

- The film obtained from ordinary milk on washing in water and 
cold alcohol shows fat globules (stained by osmiec acid and Sudan III), 
surrounded by proteid envelopes-which stain in eosin and are con- 
tinuous with each other. When very little fat is present the film 
appears to be homogeneous with only small fat globules. In films 
obtained with paraffin globules of this replace the fat. 


F. Composition of the films. 

(a) From milk. As soon as collected the film was put in a muslin 
bag under running water for half-an-hour. On now shaking the film 
with a small amount of water the water gave no proteid reactions. 
The film was next washed in alcohol and then left under ether for a few 
hours, after which no trace of fat could be found on staining it with 
osmic acid or Sudan III. 

If the milk had not been warmed above 60°, the film obtained after 
purifying dissolved completely on rubbing with lime water, but not 
with distilled water or dilute saline solutions. If the milk had been 
warmed above 60°, there was an insoluble’ residue, presumably of 
coagulated lactalbumin, which was increased in amount with a still 
higher temperature: 

The solution was eouplately by | half with | 
ammonium: sulphate; as the filtrate gave no proteid reactions, no 
lactalbumin could have been present. Any lactalbumin in the original 
film would be in an uncoagulated state, so would have been washed 
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away by the water. On mixing with rennet at 40° casein formed; 
a control tube containing the solution, but boiled with rennet before. 
keeping it at 40°, gave no coagulum. 

Hence the film obtained at low temperature is pure caseinogen. 
The above seems to be a simpler method for obtaining pure caseinogen 
than any other in use at present. 

(b) From serum. If the film is prepared below 50° it dissolves in 

dilute sodium chloride solution. The solution contains serum albumin 
and serum globulin. At higher temperatures less is dissolved, as the 
proteids of the film are coagulated by the heat. 
.  (c) From alkali albumin. The film,. after washing with water, 
_ alcohol and ether, dissolved on rubbing with dilute caustic soda or 
dilute acetic acid. The solution gave a neutralisation precipitate, 
soluble in excess of the re-agent. Hence the film is merely dried 
alkali albumin. 

(d) From Witte’s peptone. As the film dissolves in water it is 
impossible to wash it. Its solubility indicates that it is —? 
unchanged albumose and peptone. 


CONCLUSIONS. 


1, The formation of a film or “skin” on milk is not a peculiar 
property of caseinogen or lactalbumin, as a similar film is produced 
on warming any proteid solution containing emulsified fat or paraffin. 

2. The film is probably formed of unchanged dried proteid in the 
case of non-coagulable proteids, and in that of coagulable proteids if the 
temperature is kept below their coagulation point. If the temperature 
is higher, with the latter the film is composed, at any rate partly, of 
coagulated proteid. Globules of fat or — are entangled in wie 
film. 

3. Drying is an essential condition for the formation of a film. 

We propose the following as an hypothesis to explain the above 
phenomena. Particles suspended in colloid solution are surrounded 
by molecules of the colloid aggregated together to a greater extent 
than elsewhere i in the solution. On warming, the suspended particles 
circulate; those reaching the surface are dried, and aggregate together 
to form a film. 

In conclusion we desire to express our thanks to Mr Ramsden ~ 
his valuable advice in this investigation. 
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THE GASEOUS METABOLISM OF THE SUBMAXIL- 
LARY GLAND. By JOSEPH BARCROFT, M.A. BSc. 
Fellow of King’s College, Cambridge. (Five Figures in Text.) 


Part III. The Effect of Chorda Activity on the Respiration 
; of the Gland. | 


(From the Physiological Laboratory, Cambridge.) 


Historical.. Though numerous experiments have been performed 
with the object of inferring the metabolic processes of the submaxillary " 
gland by histological, thermometric, electrical, and chemical methods, 
only one direct attempt has been published to measure the metabolism 
by the respiratory exchange of the gland. The experiment referred to 
is that of Chauveau and Kaufmann on the horse’. It showed 
an altogether insignificant metabolic increase during the activity of 
the gland. The figures given are as follows: 


resting gland acting gland 
O absorbed 21 cc. 27 c.c 
CO, produced 3°9 2 

6:0 x 1=6-0 29x 3=8°7 


Apart from possible analytical errors these figures are open to some 
criticism. About 70c.c. of blood was used for each analysis. The 
figure ‘2c,c. is given for the excess of CO, in the chorda blood over 
that in the arterial ; no account has been taken either of the water which 
disappears from the blood during the circulation through the gland or 
of the carbonic acid contained in the saliva. The former omission 
tends to make the figure given for the CO, too high, the latter 
too low. But the latter factor is more considerable than the former 
inasmuch as the saliva contains a greater percentage of CO, than the 
blood. In the dog 70c.c. of chorda-blood often correspond to 10 c.c. of 


1 Compt. Rendus de UV Acad. des Scien., 1886, vol. ciu., p. 1063. 
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saliva. If this contained 70°/, of CO,, the CO, in the saliva alone 
would amount to 7 c.c. 

Chauveau and Kaufmann’s calculation is based on an assumption 
that the blood runs through the gland three times as fast during activity 
as during rest. The average of a number of my experiments on the dog 
shows that six would be a more correct factor by which to multiply 
than three; but the variation in individual experiments is very great. 

So far from only showing an insignificant increase of CO, output on 
stimulation, the figures given by Chauveau and Kaufmann would, 
if calculated on the assumption I have just made, show an evolution 
of CO,, not of ‘6c.c, but of 13:2cc. The quantity of CO, produced 
during activity would then be more than thrice that produced during 
rest. 

The measurement of the blood. Several modifications of method 
have been found necessary since the publication of Part I. of ‘ae paper’. 
I will briefly describe them. 

I have already indicated? a basis for the calculation of comparable 
quantities of arterial and venous blood circulating through the actively 


_ secreting submaxillary gland. To say that it is unnecessary to measure 


the volume of the blood at all is only going one step further along 
the lines adopted in Part II. of the present paper. 

I used the change in the percentage of hemoglobin to indicate the 
alteration of concentration of the blood. It is possible to use not 


volumes of two samples of blood, but the relative amounts of hema- 


globin which they contain as a basis for comparing their quantities. 
An example will best illustrate my meaning. I will consider two 
samples of blood A and V, the former arterial, the latter venous. 


A contains of CO, and V, 39 cc. 
A of O, and V, 1deac. 


Eighty seconds elapsed whilst the sample V was being collected. 
The first question which arises is, how much CO, and O, entered the 
vessels of the gland during that 80 seconds? Compared to a standard 
hemoglobin solution A contained 110 units of hemoglobin and V 
85 units. Assuming that the same quantity of hemoglobin enters the 
gland as emerges from it, the amounts of oxygen and carbonic acid 
which entered the gland in the arterial blood during 80 seconds 
would be: | 


CO,, 3:9 x O=31 x = 24, 


1 This Journal, xxv. p. 265. 1900. 2 Ibid. p. 479. 
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The ©O, given out by the metabolism of the gland per minute 
would then be: 
(4°0 — 3:0) x $9 = "75 cc. ; 


and the oxygen taken up would be: 
(2°4— 10) x $9=1-05c.c. per minute. 


The preceding calculation of the oxygen and carbonic acid reaching 
the gland in a given time is made quite irrespective of the amount of 
water which leaves the blood to form either saliva or lymph, When 
only estimations of carbonic acid are required, the saliva may be 
transferred to the chamber containing the corresponding sample of 
blood (as I shall presently describe) and the gases may be abstracted 
from both together. 

I have adopted the following method for comparing the amounts of 
hemoglobin in different samples of blood after extraction of the blood 
gases which they contained. The blood is received into chambers so 
modified from ,the form I have already described that they can be 
completely and easily washed out and that the washings can be 
collected. To this end there is a stopper (Fig. 1, P) at the top of each 
chamber. This stopper is protected by a mercury trough, Q. After an 
experiment, when the gases have been exhausted and the receiver cut 
away from the pump, both the plug, P, and the stopper, S, are taken 
out and the blood is allowed to flow into an evaporating dish together 
with the mercury with which it is mixed. The blood is decanted from 
the mercury into a measuring cylinder and made up with the washings 


_ of the charfber and of the evaporating dish, to 100c.c. Of this solution 


lec. is measured out with a pipette and diluted with water from a 
burette until it is of the same tint as a standard solution in the manner 
described by Haldane and Lorrain-Smith’. 

If two samples have been so treated and the respective quantities of 
water added from the burette have been 8'5 and 9'5cc., the quantities 
of hemoglobin in the samples will be related in the proportion of 
95 : 105. In the case of ordinary venous and arterial blood the 
volumes of the samples would bear the same relation, but if there 
were any perceptible loss of water, either by the secretion of saliva 
or the transudation of lymph, the hemoglobin values would give no — 
information respecting the volumes of blood taken for analyses, nor 


would such information be required. 


1 This Journal, xxv. p. 331. 1900. 
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The value of the method lies in the fact that all factors used in 
the calculation of the gaseous exchange are measured during the 
experiment in hand. The method forms a necessary check to ex- 
periments in which the loss of water in a given case is inferred from 
data supplied by previous research. 

The standard of accuracy which this method reaches is shown by 
the following analyses of defibrinated blood, of which very varying 
quantities were used: 


A B Cc 


orimetric B 
‘Equivalent 

147 4-82 0328 

106 3-40 0321 

3°18 cc. 0321 
32 1:04 0325 


Though this method is not capable of yielding such consistent 
results for the analysis of defibrinated blood as the one of actually 
measuring the volume of the blood, it avoids such errors as are 
sometimes introduced by the tendency of blood drawn from the living 
animal to leave a film of coagulum on the measuring burette. — 

The analysis of the saliva. One of the factors which claims con- 
sideration in the endeavour to form an estimate of the gaseous 
metabolism of the submaxillary gland is the quantity of carbonic acid 
in the saliva. The importance of this factor may be judged from the 
following data, which are those of an extreme case: 


10°2 c.c. of venous blood from the resting gland contained 5°91 c.c. of CO,, 
_ 10°2c.c. of venous blood from the active gland contained 5°05 c.c. of CO,, 
10°1 c.c. of arterial blood contained of CO,. 


- The quantity of saliva secreted was l1l4cc. The quantity of 
arterial blood which must be compared with 10°2c.c. of chorda blood 
is 10'2 + (114 x 112)=11'45. The quantity of CO, in 11'45cc. of 
arterial blood is 590. This quantity is in excess of the 505cc. _ 
contained in the chorda blood. There were, however, 1°20 cc. of CO, 

in the saliva secreted during the collection of the chorda blood, and 
if this quantity be added to 5°05 c.c., a total of 6'25 is given for the CO, 
which leaves the gland in 44 seconds. Deducting the 5°90c.c. which . 
reach the gland in the arterial blood, the output per minute of CO, 

from the active gland is 48 c.c.; that from the resting gland is ‘33 c.c. 


3—2 
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) Pfliiger’ in 1868 made analyses of saliva. The figures he published 


are not applicable to the present research, partly because of the small 


number of experiments which he performed and the variability of the 
results he obtained, but chiefly because he used a great quantity of | 


saliva, collected over a long interval of time. Data of the average 


amount of saliva secreted in half-an-hour argue little as to the amount 


and composition of that secreted in any one minute. 


Fig. 4. 


It has been possible to make an analysis of the actual saliva 
secreted in each experiment, the amount of which is usually from °7 c.c. 


-to 1c. The apparatus I have used to collect the saliva is a long 


tube of 2—3 mm. which holds about 2c.c., it is provided at the end 
which is attached to Wharton’s duct with a three-way tap, so that the 
saliva can run either to waste or into the main portion of the tube. 
During the collection of a sample of chorda blood the saliva is allowed 
to run into the tube and at the end of the collection the taps at each 
end are shut. The saliva does not completely fill the tube, but any 
CO, which escapes by diffusion from the liquid will be mixed with the 
air in the distal end of the tube. Beyond the tube B (Fig. 4) is a 
stopper O which fits into the socket D of a receiver. This receiver is 
an imitation on a small scale of a type frequently used in blood-gas 
analysis.” I have im these experiments used it in connection with 


1 Phliiger’s Archiv, 1. p. 686. 1868. 
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a powerful automatic pump. When a vacuum has been made in the 
receiver the saliva is washed into it with a little 1°/, phosphoric acid, 
let in through the tap A. Both the saliva and the air in the distal end 
- of the tube go into the receiver, and the mixture of gases is pumped 
off and analysed with Haldane’s’ gas analysis apparatus. Especially 
if a cubic centimetre of air is allowed into the receiver after the CO, 
has been ‘abstracted, and if the saliva is well boiled, every trace of 
carbonic acid may be removed for analysis, but the error would in the 
nature of the case lie on the side of giving too little rather than too 
much CQ,. 

In order to test the accuracy of this apparatus, I collected saliva 
(in samples of 5—6 c.c. each) from Wharton’s duct into the measuring 
burette of my blood-gas apparatus shown in Fig. 9, Part I. of this 
paper*. A fine thread with a disc on the end was passed through the 
tubing at H, so that by thoroughly stirring the saliva it could be made 
of the same composition throughout. A small quantity was transferred 
to one of the saliva tubes and analysed in the apparatus described above. 
The remainder was analysed in the blood-gas apparatus. To make the 
conditions equal some phosphoric acid was put into the “chambers.” 
Two samples of saliva thus treated gave: 


L II, 
In the blood-gas apparatus 
In the saliva apparatus 
of OO, for each c.c. of saliva. : 


I have made comparative analyses of defibrinated blood in the two 
forms of apparatus, and I find that the carbonic acid in 2c.c. of blood 
can be determined in the saliva apparatus with some accuracy, as the 
following figures show : 


A B 
Colorimetri B 
Defibrinated blood ‘ratio © 0, 
a. In the blood-gas apparatus 99 3°12 c.c, ‘0321 
b. In the saliva apparatus 32 1-04. 0325 


The use of a separate apparatus for the analysis of the saliva may 
be avoided in cases where the quantity of blood is determined by the 
amount of hemoglobin in the sample. The saliva may be added to the 
blood in the froth “ chamber,” and the gases from the saliva and venous 


1 This Journal, xxu. p. 465. 1898. 
2 This Journal, xxv. p. 265. 1900. 
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blood (i.e. the total gases which leave the gland) may be pumped 
together from the chamber. In this case it is no more necessary to 
measure the volume of the saliva than that of the blood. 

In order to secure this simplification, the stopper (Fig. 1, P) must 
be replaced by one through which runs a fine tube (Fig. 2). When 
this stopper is inserted into the chamber and the latter made vacuous 
the vacuum extends to the tap A. The cup above the tapis filled with 
mercury, and the graduated tube B, containing the saliva, is inserted into 
it. The saliva is then allowed to run into the chamber by opening the 
taps C, B, and A. The saliva is followed by phosphoric acid which is 
allowed to enter at A. If the object of the experiment is to determine 
the oxygen interchange as well as that of the carbonic acid, the oxygen 
must be extracted before the phosphoric acid and saliva are allowed to 
enter the chamber. When this method is adopted phosphoric acid 
should be added to all the samples of blood. 

The first analyses which I made proved that the saliva may contain 
very large quantities of CO,. The dogs on which experiments referred 
to were performed had been in every case a considerable time under 
morphia. The subjoined table gives the data of a number of analyses 


_of saliva in dogs to which morphia and 4.c.£. mixture had been given. 


10.30 a.m. 11.15 a.m. 2.43 p.m. 1-40 c.c, 1°10 c.c. 
2.55 114 1:20 
3.10 1-40 1°47 
— 5 4°91 
— 5 5°65 
— 5 4°32 
11.0 11.45 4.5 +35 58 
4.14 “65 ‘69 
8.15 10.15 3.50 l ‘90 
10.0 4.0 ‘70 

Total 21°94cc 21°52 cc. 


An experiment in which morphia and A.c.. mixture were used, but 


in which the saliva was withdrawn 2 hours and 20 minutes after the 
injection of the morphia, showed a less excessive quantity of CO, in the 
saliva. Three cubic centimetres contained 1°80c.c. of CO,. ° 

It is possible to avoid this excessive quantity of CO, in the saliva 
(and presumably in the tissue of the gland which secretes it) by 
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SUBMAXILLARY GLAND METABOLISM. 39 
dispensing with the use of morphia. The following table shows the 


amount of CO, in samples of saliva taken from dogs which had been _ 


angsthetised with chloroform, and had subsequently been subjected to 
A.C.E. mixture : 


Time of givi Time of Amount of — in 
collecting saliva saliva 
9.50 a.m. 12.50 p.m. 1°25 c.c. "45 
11.45 2.26 74 
In the great majority of experiments I have avoided the use of 


morphia. 

Dissection, etc. The experiments which I am about to describe 
consist of comparisons between the quantities of oxygen and carbonic 
in: 

(1) The venous blood from the resting gland. 
(2) The venous blood from the active gland. 
(3) The arterial blood. 

For this purpose three dissections are necessary: (1) The chorda 
tympani nerve. (2) The glands and adjacent vessels. (3) The femoral 
artery and femoral vein, the latter for the injection of leech extract, or 
of blood after it has been whipped, the latter for the abstraction of 
arterial blood. 


Fig. 5. 


Fig. 5 represents a typical arrangement of the veins in the vicinity 
of the submaxillary gland. These are frequently two veins of about 
equal calibre leading from the gland, one into the anterior, the other 
into the posterior facial veins. One of these gland-veins may be increased 
in size at the expense of the other. There are a number of other small 
veins running either into the larger vessels or joining with the sub- 
maxillary veins; these must all be dissected out and ligatured. The 
two big vessels must be ligatured distally to the entrance into them 
of the submaxillary veins. 
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If leech extract’ be used the cannula through which the blood is 


withdrawn from the gland must not be put into the vein till after the 


injection, But before the injection it is necessary to make certain 
adjustments. The dissection is made with the dog on a moveable 
stand, The stand is upon a table the height of which can Be altered — 
by screws. The adjustment of these and other minor details must 
take place before the cannula is placed in the vein. 

It is necessary to collect one or two cubic centimetres of blood from 
the resting gland into a small measuring cylinder to test the normal rate 


_ of flow of the blood. When this has been done the cannula is connected 


with the measuring burette by indiarubber tubing, and a sample of 
blood is taken from the resting gland as soon as may be. The cannula 
is a T tube the limbs of which are of minimal length. The bore, 
however, must be ample—about 4 mm. 

A pair of weak bull-dog forceps or the fingers may be used to close 
this jugular vein proximally to the cannula, while the samples are being 
collected. I will now pass to the discussion of the results obtained. 

The oxygen metabolism. All the experiments which I have per- 
formed give the same qualitative results, namely, that the oxygen 
intake is greatly increased during the period of activity of the gland. 

In Exp. I. the samples were taken during the first minute of 
stimulation, in subsequent experiments during the second. In Exps. I, 
II, III, IV, the volume of each sample was measured; in Exps. V, VI, 
the samples have been compared by the colorimetric method. 

The following are the figures obtained by these experiments : 


EXPERIMENT I, 


1:58 c.c. 8'5 c.c. . — Arterial 

“85 8°8 — 385 secs. V. resting 
1°19 9°2 1°45 c.c. 47 V. chorda 
1°60 c.c. 8-4 cc. . — — Arterial 
1:04 157 secs. resting 
1°27 9-2 1°69 c.e, 31 V. chorda’ 

‘70 9°2 — 390 secs. V. resting 

98 9°2 . 2°00 c.c. 53 V. chorda 


1 Leech extract was used in Experiments I, II, III, and V. In Experiment VI both 
leech extract and defibrination by whipping were resorted to. In the other aise 
the blood was whipped. 
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SUBMAXILLARY GLAND METABOLISM. 41 
Experiment II. 
tity of Character 
Oxygen Saliva Time of blood 
2-97 10°1 c.e. — Arterial 
94 10:2 254 secs. resting 
1:54 10:2 1°40 c.c. 54 V. ehorda 
93 10:2 secs, V. resting 
1°65 10°2 1:14 ee. 44 V. chorda 
1°98 c.c. —10°1 ec. Arterial 
8-05 216 sees. V. resting 
1°64 10-2 1°40 ee. 66 V. chorda 
Experment III. 
29200, 
1-90 9:4 -- 312 sees. V. resting 
2°26 c.c. 57 V. chorda 
2°94 cc. 10°1 — — Arterial 
1:75 94 179 secs.  V. resting 
9-4 ‘65 c.c. 37 chorda 
EXPERIMENT IV. 
1°89 e.c. 10°0 e.c. — — Arterial 
65 6-95 307 secs. V. resting 
1-54 8-60 1°25 e.c. 83 V. chorda 
Colorimetric Character 
Oxygen ratio Time of blood 
1°71 100 Arterial 
"67 99 505 secs. V. resting 
1:39 lll 35 V. chorda 
Experiment VI 
1°60 c.c. 100 — Arterial 
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From these data the quantity of oxygen taken up from the blood 
per minute is in the resting and active gland respectively. 


Experiment II Ill IV VI 
Gland active (chorda) 1°01 1°43 97 1:20 93 69 839 105 25 ‘54 1-06 
cubic centimetres per minute. 
: Total Mean 
Gland resting 2°76 25 ¢.c. per minute 
Gland active (chorda) 9°41 “86 ” ” 


The carbonic acid metabolism. In treating of the carbonic acid 
contained in the saliva, I have given an example of the method of 
calculating the CO, output per minute. I append here the results of a 
number of experiments which show that the output of carbonic acid is 


increased three or fourfold during stimulation of the chorda tympanic 
nerve, 


Experiment IT. 

ti ntity of tity of | in 

SS 
4°91 Wisc. — — 


5:87 — 254 secs, 

6-06 10-2 . 1400c 54 1:10 

6°40 10-2 235 secs, 
5°05 1°14 ee. 44 1°20 
4°84 10:1 — 

4°55 8-05 216 secs. 

5-00 1°40 e.c. 66 1°47 cc. 


EXPERIMENT IV. 
2°99 c.c. 10°0 c.c. 
2°97 6°95 — 307 secs. 
2°86 8°60 1°25 83 *45 


EXPERIMENT XI. 
3°24 c.c. 9°60 c.c. — 
418. 9-0 193 secs, 


3-89 9-0 11 ce. 63 “+70 


of blood 
Arterial 
V. resting 
V. chorda 
Arterial 
V. resting 
V. chorda 
— Arterial 
V. ing 
V. chorda 
Arterial 
resting 
V. chorda 
Arterial 
V. resting 
V. chorda 
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Colorimetric 
co, ratio ‘of blood 
261 cc. 100 — Arterial 
3°53 99 505 secs, V. resting 
3°46 * 111 35 V. chorda 


EXPERIMENT VI. 


2°58 100 — Arterial 
3°33 80 secs. V. resting 
35 V. chorda 


* This figure includes the CO, in the saliva. 
From these data the output of carbonic acid in c.c. per minute is: 


Gland active (chorda) 158 60 75 1:80 
Total Mean 
Gland resting 19lcc. ‘27 cc. per minute 
Gland active (chorda) 6°74 ,, ‘97 ,, pe 


‘The evolution then of carbonic acid as well as the absorption 
of oxygen is increased during the stimulation of the gland. 


Eaperiments after the injection of atropin. Even in different samples 
of resting blood from the same dog a correspondence may be, traced 
between the rate of the gaseous metabolism and the rate of the blood- 
flow. Thus in three samples cited in Exp. I. | 

The rate of blood-flow is 1°4, 3°5 and 1°4.c.c. per min. respectively. 

The rate of oxygen absorption is *124, ‘261, ‘121 c.c. per minute. 

The same is the case in the active gland. 

The rate of blood-flow is 12, 18 and 10c.c. per minute, while the 
rate of oxygen absorption is 1-01, 1°43 and ‘97 c.c. per minute. 

The change in the rate of blood-flow cannot, however, be held to be 
the factor which causes the oxygen metabolism to be increased three or 
fourfold during stimulation of the chorda tympani. When atropin has 
been injected in sufficient quantity to cause paralysis of the secretion, 
it is found that the oxygen intake is the same in amount during the 
periods of nervous stimulation as during the unstimulated periods, in 
spite of the increased rapidity of the blood stream. 
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44. J. BARCROFT. 
The following figures show this: | | 
Expermment IV (3 c.c. of °5°/, solution of atropin. Dog 13 kilos), 


Quantity of Character 
Oxygen blood Saliva Time of blood 
‘81 | 6°95 nee 189 secs. V. resting 
1:50 8-60 none 80 V. chorda 
2-01 cc. 10 ae. Arterial 
‘78 6°95 132 secs. V. resting 
1:39 8-60 none: 81 : V. chorda 


Experiment VIII (3 c.c. of 1°/, solution of atropin. Dog 22 kilos). 


‘70 c.c. 5°9 c.c. none 23 secs. _ V. chorda 
1°20 8°25 Arterial 

“41 c.c. 9°85 c.c. none 98 secs. V. resting 
1-06 9°35 — V. chorda 


Fifteen minutes elapsed between the collection of the chorda and resting 
samples, hence a sample of arterial blood was taken with each. 


EXPERIMENT VII (3 ¢.c. of of atropin). 


Oxygen ratio Saliva Time of blood 

2°04 c.c. 98 Arterial 
118 94 320 secs. V. resting 
1-92 | 96 none 38 V. chorda 
The absorption of oxygen from these figures in c.c.. per minute is: 
Experiment Vit | ‘Totat+ | Mean 

Gland resting 1:04 c.c, ‘260 c.c. 
Chorda stimulated 17 +13 ‘98 ‘245 


_ The increased evolution of carbonic acid during stimulation of the 
chorda is not, however, abolished by the injection of atropin. The 
same four experiments give for the carbonic acid: 


Experiment | Vil Vir 
Arterial 3:16 cc. 3°16 c.c. 2°72 c.c. 3°20 ec. V. chorda 
V. resting 2°88 3°32 . 3°80 Arterial 
V. chorda 3°58 3°54 3°05 5°73 V. resting 
| 4:79 Arterial 


Bilt 
$ 

| 

| 

| 
i 

| 

| 
} 


SUBMAXILLARY GLAND METABOLISM. 45 


The evolution of CO, in c.c. per minute is: 


Experiment IV Vil VIII Total Mean 

Gland resting Slee ‘ldce  4lec | 107 | ‘27 
Chorda stimulated ‘62 ‘61 61 1°28 3°12 | “78 


An increase of the carbonic acid produced during stimulation of 
the chorda tympani nerve, the endings of whose secretory fibres have © 
been paralysed with atropin is such an apparent anomaly, that I have 

_ performed a number of experiments in which the carbonic acid only 
was estimated. In order to ensure the abstraction of every trace of CO,, 
the blood was received into 1 °/, phosphoric acid, and each chamber at 
the end of the analysis was washed out with about 1 c.c. of air. 

The results of these additional experiments are as follows: 


% 


Experiment IX. 


2°47 7°2 c.c. Arterial 
3°80 9°3 ee 160 secs. V. resting 
338. 9°3 none 34 V. chorda i. 
3°48 9°3 none 34 V. chorda ii. 


[The chorda was stimulated continuously for eight minutes. The first 
sample of blood was taken 4 and the second 7 minutes after the commence- 
ment of stimulation. | : 

EXPERIMENT X. 


95 .c.c, — — Arterial 
3°75 9°95 .— 188 secs. V. resting 
3°68 or none 30 V. chorda 
3°61 c.c. 995¢c. none 20 secs. V. chorda * 
3°77 9°95 — 116 V. resting 
— |. 3°32 9-60 Arterial 
> * The samples were taken in the order given above. ‘ 
3°16 c.c. 9°35 c.c. — Arterial 
410 9°0 — 257 secs. resting 
413 9°0 none 98... V. chorda 
4:31 ec. 9-0 c.c. — 243 secs. V. resting 
4°37 90 none chorda * 
3°75 9°35 — — Arterial 


* The samples were taken in the order given above. 
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J. BARCROFT. 
From these figures the output of CO, per minute works out to be: 


x XI | Total Mean 
Experiment Ix 


Chorda unstimulated -23 05 -26 -16| 84cc. | 17 ¢.c. per min. 


Chorda stimulated ‘39 *20 ‘66 °37| 2:36 ,, | ‘39 


Pending further experiments I defer considering the possible ex- 
planations of the above figures. 

Evolution of heat from the gland. Following the example of Bayliss 
and Hill’, an idea may be formed of the maximum evolution of heat 
from the submaxillary gland, by calculating how much heat would be — 
produced if all the oxygen absorbed by the gland were used in oxidising 
glucose into CO, and water. Assuming with them that one grainme 
of glucose yields 3277 calories, it will be seen that the heat given out 
per minute would amount to 1:1 calories in the resting, and 3°8 calories 
during stimulation of the chord. In the former case 3c.c. per minute 
of blood would pass through the gland, and in the latter, 15¢.c. I must 
leave to those who are versed in thermometric physiological methods 
to say whether this quantity of heat would produce a measurable rise 
of temperature in the gland or in the saliva. 

Respiratory quotient. In many of the experiments cited above the 
oxygen and the carbonic acid determinations have been made with the 
same samples of blood. From the figures so obtained an idea may be 
formed of the respiratory quotient of the gland — the conditions 
of rest and chord stimulation. 

Thus from Exps. II, IV, V, VI we get for the gaseous exchange per 
minute : 


0 co, co, 
Experiment IT 32c¢c. ‘21 cc, 1:20 cc. . 158 cc. 
it ‘20 ‘93 ‘60 
II :29 ‘20 ‘59 ‘75 
‘17 "25 23 
12 54 "60 
Vi. 66 1:06 1:80 
1-71 ce... 156 cc, 457 cc. 5°56 c.c. 
Respiratory quotient 91 1:21 


This Journal, xvi. p. 351. 1894. 
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CONCLUSIONS. 


1. During the secretion of saliva, induced by stimulation of the 
chorda tympani, the oxygen taken from the blood by the submaxillary 
gland is increased to an amount which is three or four times that 
taken up by the resting gland. | 

2. The carbonic acid given out by the gland is increased under the 
same circumstances to an equal or even greater extent. 

3. After an injection of atropin, sufficient to cause paralysis of the 
secretion, the intake of oxygen by the gland is not increased by 
stimulation of the chorda tympani, on the other hand the output of 
carbonic acid is greatly increased, at least for a time. 


Among many who have given me kind advice, I should like 
especially to thank Dr Langley, who first suggested the subject to me 
which has formed the title of this paper, and Dr Haldane, who has 
helped me much in the working out of experimental details. My 
gratitude is due also to the Royal Society, which has given me a grant 
to defray part of the expenses of the research. — 
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AN APPARATUS FOR ARTIFICIAL RESPIRATION 
AND FOR OTHER PURPOSES. By JOHN T. HOYT. 


' (Two Figures in Text.) 


(From the Department of Physiology of Columbia University at 
the College of Physicians ond Surgeons, New York.) | 


THE purpose of the apparatus described in this paper is to produce 


either a blast of air, a vacuum, or artificial respiration of any desired — 
frequency and amplitude. For the last-named purpose it has been 
used satisfactorily upon a calf weighing 200 pounds (90°719 kilo- 
grammes), and upon dogs, cats, rabbits, rats, mice, and pigeons. It 
consists of an air-pump, an air-tank, and an appliance which causes 
the air to enter and leave the lungs with a rhythm variable at will. 


The Pump. 


The pump is mounted upon a table, and consists of a single upright — 
hollow cylinder of cast-iron, within which rises and falls a piston 
without valves. This is driven by a crank turning in a crank-box 
which moves to and fro in the horizontal slot of the cross-head of the 
piston-rod. The crank is set in the middle of a horizontal shaft which 
has a fly-wheel at one end, and at the other tight-and-loose pulleys, by 
means of the belt of which the pump is worked by the main shaft of 
the laboratory, this main shaft being driven by steam or by electric 
power according to circumstances. Above the piston, the cavity of the 
pump has both an inlet and an outlet for air, each guarded by a 
puppet-valve. Below the piston, also, the pump has both an inlet and 
an outlet for air, each with its puppet-valve. By a simple device each 
outlet can be made to communicate with the outer air, through a cock, 
independently of the other outlet, or, the two cocks having been closed, 
to communicate with a vertical channel, common to both outlets, in the 
thickness of the wall of the cylinder. From this common channel a 
single outlet leads to the outer air through a cock. When this common 
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channel is in use, through its single outlet a continuous blast is de- 
livered by the pump, inasmuch as both the ascent and descent of the 
piston expel air into the common channel and into that only. When 
communication between the two outlets has been cut off, and the two 
inlets have been connected each with one branch of a Y tube outside 
the pump, of which Y tube the stem leads to a receiver to be exhausted, 
the pump exerts a continuous suction, inasmuch as air from the receiver, 
and from that only, is drawn into the pump by both the ascent and the 
descent of the piston. When there is no communication either between 
one outlet and the other or between one inlet and the other, the space 
above the piston and the space below the piston become two wholly 
independent chambers, each with its own inlet, outlet, and valves. 
Under these conditions the pump may be made to exert an inter- 
mittent suction below the piston, and at the same time to deliver an 
intermittent blast above the piston, or vice versd. 

When used solely for producing a blast, this pump, with its own 
shaft revolving 70 times a minute, will deliver, in 1 minute, 95:2 litres 
of air, and will generate a pressure of ‘7 kilogramme to the square 
centimetre (10 pounds to the square inch) readily and without strain. 
When used solely for suction, the pump, at 70 revolutions a minute, 
will produce in 1 minute and 40 seconds a negative pressure of 70°48 
centimetres (27°75 inches) of mercury in a tank holding 3°785 litres. 


The Tank. 


The air-tank is an upright hollow cylinder of galvanized iron, | 

36 inches (0°914 metre) high and 12 inches (0°305 metre) in diameter, 
_ arranged to stand on the floor. In its upper end are four tubulures 
without valves. These tubulures are the inlet, the outlet, the opening 
for the pressure-gauge, and the opening for a small adjustable safety- 
valve. When used for artificial respiration, this tank is connected by 
very thick-walled rubber ee with the pump and with the appliance 
for regulating the breaths. 


The Breath-regulating Appliance. (See Figs. 1 and 2.) 


The essential part of this is constructed on the principle adopted by 
Prof. J. R. Ewald! in designing bis “ Luftcommutator.” The appliance 
now to be described consists of a low right cylinder of bronze, which 


1 Ewald, J. R.: Archiv f. d. ges. Physiol., xxx1, p. 154. 1883. 
PH. XXVII. 4 
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revolves about its own vertical axis within a closely-fitting cylindrical 
bronze box or “sleeve,” which is fixed to the table. The top and — 


bottom of this sleeve are pierced by the axis of the revolving cylinder, 
to which axis they afford bearings. The fixed cylindrical sleeve is 
pierced on its convex surface by four horizontal tubulures, each normal 
to the cylinder and placed midway between its upper and lower ends. 
These tubulures are separated by equal intervals of 90°, The convex 
surface of the revolving inner cylinder shows four apertures, each placed 
midway between the top and bottom of this cylinder. These apertures 
are separated by equal intervals of 90°. At a certain moment, therefore, 
of each revolution of the inner cylinder, each of its four apertures corre- 
sponds with the inner opening of one of the four tubulures of the fixed 
sleeve. The four apertures in the inner cylinder are the mouths of two 
entirely separate horizontal canals bored in the otherwise solid bronze. 
Each canal is bent upon itself at an obtuse angle, so that its two 
mouths are 90° a | 

It follows from the foregoing description that, when the inner 
cylinder is revolving regularly, its canals will connect a given tubulure 
of the sleeve, at regular intervals, first with the tubulure on its imme- 
diate right, and then with the tubulure on its immediate left, or vice 
versd. Therefore, if the given tubulure be receiving air continuously 
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from the tank and pump, it can deliver it at regular intervals through 
the revolving cylinder and the aforesaid two tubulures of the sleeve to 
the tracheae of two animals in succession. The expiration of each 
animal may be provided for partly by the well-known device of a side- 
opening in its tracheotomy-tube, and partly by means of the fourth 
tubulure of the sleeve, through which fourth tubulure the trachea of 
each animal communicates freely for a while with the outer air, by 
means of one of the canals of the revolving cylinder, not long after this 
animal has ceased to receive an inspiratory blast. 


C 
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Fig. 2. 


By cutting each opening of each canal of the revolving cylinder to 
the form of an irregular lozenge, provision may be made for a more or 
less gradual beginning and ending of each inflation of the lungs; and 


_ by the same means the relative lengths of inspiration and expiration 


may be fixed. No attempt, however, has been made to provide for 
varying these relative lengths at will, as may be done in using the 
“ Luftcommutator” of Ewald. 
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The amount of air delivered to a tracheotomy-tube at each blast 
can easily and quickly be altered, by means of the safety-valve and 
escape-cock. 

The main-shaft of the laboratory drives the revolving bronze cylinder 
by the agency of a counter-shaft fixed to the table upon which stand 
both the pump and the sleeve of the revolving cylinder. The strong 
bronze vertical axis of this cylinder is joined at the centre of its upper 
end to the centre of the under surface of a broad horizontal friction 
disk, also of bronze. Cylinder, axis, and disk, are kept in regular 
revolution by the action upon the disk of the convex surface of a 
small revolving “brush-wheel” driven by the counter-shaft. Of this 
brush-wheel the bearing surface is of leather, and the brush-wheel 
itself can be fixed at any point of its own horizontal steel shaft, which — 
is supported at the proper distance above the disk and passes over the 
centre of the latter. This horizontal steel shaft bears at one end a 
cone-pulley with six grooves, which pulley is, by a round belt, connected 
with and driven by a pulley of one groove mounted upon the counter- 
shaft upon the table. By means of the construction just described, the 
regular revolution is secured of the bronze cylinder with its two canals. 
Without the revolutions of the shafting being stopped, the revolutions 
of the cylinder can be made suddenly to cease, or to recommence, by 
turning a handle which slightly lowers the disk away from the brush- 
wheel or lifts it into contact therewith. 

Also by means of the construction just described, the rate of artificial 
respiration can be very delicately varied within wide limits, on the 
principle employed in the kymograph of Ludwig to vary delicately the 
speed of revolution of the drum. The main-shaft of the laboratory and 
the counter-shaft on the table revolve each at an unvarying rate; but, 
by the use of round belts of different lengths, the counter-shaft can 
impart any one of six speeds to the cone, shaft, aud brush-wheel of the 
respiratory appliance itself; while, by the shifting of the brush-wheel 
along its shaft to a point nearer to, or farther from, the centre of the 
friction disk, any one of the six speeds aforesaid can be considerably 
and delicately varied. Practically, any rate of respiration can be secured 
between the limits of 10 and 120 breaths a minute. 

In describing the foregoing apparatus, no effort has been made to 
point out all the possible applications, even to artificial respiration 
alone, of its various powers. So far as it has yet been applied it has 
been found effective. 
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A METHOD OF OBTAINING INTRACELLULAR JUICES. 
By SYDNEY ROWLAND, Bacteriological Department, Jenner 
Institute, London. (Three Figures in Text.) 


A METHOD that will yield actual intracellular contents has long been 
desired and often with more or less success achieved by biologists. 
There is however a common defect of principle in the existing methods, 
since they grind by attrition. The most successful of the methods is 
apparently that of Buchner, who has succeeded in obtaining the 
intracellular juice of yeast cells. The details of this method have not 
as far as I am aware been published. The method here described 
depends on percussion. In the one case the size of the resulting particles 
depends on the closeness of the grinding surfaces, on the other on the 
length of time that can be given to the operation. A degree of - 
approximation of grinding surfaces comparable with the size of a red 
blood corpuscle is a mechanical possibility but hardly a practicable one 
in a laboratory machine, whereas a little extra time devoted to the 
operation is always obtainable. 

It is first necessary to reduce the size of the organised elements 
of the tissue or cell to less than that of the smallest element. Thus 
in the case of the spleen the smallest particle must be smaller than 
a red blood cell or than the nucleus of an endothelial cell. This is 
accomplished by submitting the minced organ to the continued action 
of the violent and rapidly succeeding impacts of particles of some solid 
substance harder than the tissue to be ruptured and of a comparable 
size with its individual elements. | 

The mass of material thus resulting is a paste consisting of minute 
particles of proteid or other constituent material suspended in the 
liquid intracellular substances and mixed with more or less blood 
products. The separation of the solids from the liquids of this 
mass may be more or less completely produced by centrifugalising or 
by filtering. Both these means are however slow and uncertain. A 
method of interstitial filtration similar to the so-called filter pressing 
operation of many industrial processes gives a perfectly clear solution. 
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This material contains the actual intracellular liquid substances, and 
if the disintegrating process be carried out at such a temperature as 
will arrest chemical action (e.g. in liquid air), it is difficult to see what — 


(other than physical) differences can exist between such a juice and 
the living liquid substances. 


} Approximately 40 sq. in.=250 sq. cm. 2 tons on aq. inch = 815 kilos. on sq. cm. 
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Thete are many ways in which the method above generalised can 
be earried out. It can be adapted to bacteria, glands, organs, yeast, 
and even’ to such a refractory material as lead. The particular modifi- 
cation described below is the most convenient for glands and organs; 
for the other substances mentioned modifications have been successfully 
made. The apparatus necessary is as follows: (a) Disintegrator, 
(b) Filter Press. The organ is minced, mixed with sand, ground in 
the disintegrator mixed with kieselguhr and filter pressed. 


A vectical steel spindle has mounted on it a series of horizontal 
vanes or paddles (Fig. 2) so mounted as to overlap each other by 90°. 


This spindle with its series of vanes is kept revolving at a high rate 
of speed (2000—3000 revs. per minute). This spindle is so arranged 
that it can be made to revolve in the mixture of minced organ and sand 
contained in a cylindrical vessel provided with an annular jacket 
through which cold brine can be circulated. This is necessary to 
prevent rise of temperature in the disintegrating mass owing to the 
mechanical production of heat, as well as to —— or lessen chemical 
changes. 

The dispositions of the machine which I propose to call a cytoclast 
will be readily understood from the following sketch. 

The disintegration of yeast cells is very thorough in 4 hours—in the 
case of the organs and glands very few particles larger than can be 
seen after 2 hours. Bacteria are absent from the mass after 5 hours 
at most, the tubercle bacillus requiring even less time. 


The Filter Press. 


The disintegrated mass is mixed with kieselguhr. So much is 
added that the mixture isa uniform _— dry powder, From 
this mixture the juice is expressed. 
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| A series of cast-iron trays are arranged to fit into each other and 7 
| provided with exit and channels for the juice as shown ‘in the sketch. e 
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| | Fig. 3. 

The kieselguhr mass is wrapped in hydraulic chain cloth and 
introduced into the spaces between the trays. Several such trays 
can be piled one on top of each other and the whole pile compressed 
in a hydraulic press. The expressed liquor from each tray escapes by _ | 


oo shown and finally runs out at the exit tube in the bottom 
plate. 


I am indebted to my assistant Mr E. Burgess for making the 
outline drawings from my rough sketches 
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ON THE PRECIPITATION OF PROTEIDS WITH 
ANHYDROUS SULPHATE OF SODIUM. By §. N. 
PINKUS, 


SULPHATE of sodium in its hydrated form, Na,SO,+10 Ho, has 
been used for the precipitation of proteids in a very perfunctory way ; 
for the precipitation of serumalbumin, after the globulin had been 
precipitated with magnesium sulphate, of lactalbumin’, and of some 
phytalbumoses (ricin, abrin, robin)*:: Pavy has proposed to use a hot 
solution of sodium sulphate for coagulating proteid before estimating 
sugar *, 

The reason why, in spite of its many. valuable properties, the use 
of this salt in physiological chemistry has never been very general, 
rests chiefly in its insufficient solubility in water at ordinary tempera- 
tures, in its consequént insufficient precipitating power, and in the 
unsatisfactory way it has of running together into big lumps which 
soon get coated with precipitated proteid and which then dissolve 
with extreme difficulty. These inconveniences may be obviated and 
disadvantages turned to account if proper use be made of some 
peculiarities the salt possesses in its physical behaviour. The solubility 
of sodium sulphate increases from 0°C. to about 15° very slowly, and 
then rises with great rapidity and reaches its maximum at 34° C. 

The hydrated salt, Na,SO, + 10 H,O, exists in solution as such only 
up to 34°C. and thence begins to dissociate, passing into the anhydrous 
condition; as its solubility is then smaller than that of the former, a 

‘concentrated solution begins to separate anhydrous salt beyond 34°, 
which separation continues increasing up to 103° when the solution 
begins to boil. 

Preliminary experiments. having shown that on full saturation with 
Na,SO, at 34°C, all proteids are precipitated, the next step obviously 
was to dispense with the use of the hydrated salt, which, containing 


1 Sebelien, Zeitschr. f. physiol. Chem. rx, p. 458. 1885. 
* P, Ehrlich, Deutsche med. Zeitschr. p. 976. 1891. 


* Pavy, Physiology of Carbohydrates, p. 59. 1894. 
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; 55°/, water as it does, is certainly too cumbersome for use. The 
anhydrous salt possesses none of the disadvantages of the. former. 
It is obtained in the form of a finely granular powder, which does 
not easily attract moisture from the air and which, when brought into 
contact with a sufficient quantity of water, especially at a temperature 
not much below 30°, goes over into the hydrated salt in about 2—3 
hours. It is easily prepared by heating the hydrated salt in an iron 
crucible, which should not be too deep, over the fairly big flame of a 
Fletcher burner. After the mass is liquified and the Na,SO, begins to 
separate, it is advisable to stir the boiling liquid till it is converted 
into a mass like wet sand, then to cover the crucible and to heat for 
5—10 minutes over the full flame. The salt which has separated 
on boiling is removed from the crucible, and porous as it is, easily — 
ground. 


As the anhydrous salt itself is used in some industries it is easily 
obtained in a sufficiently pure state at a low price, the only precaution 
being—to test it for sodium chloride and to heat it before use for a 
short time, so as to be certain as to its being anhydrous. 

For precipitation the proteid solutions are best first warmed up to 
about 30° C., and the anhydrous salt then added in not too great portions 
at a time with continuous shaking or stirring. The mixture is left 


| Tasre I. Solubility of sodiwm sulphate in 100 parte water. (Léwel.) 

| Anhydrous salt Na,80,+10H,O 

Temperature (=Nag80.+10H,0) (=Nag80,)  Nag80,+10H,0 

0° C. — 5-02 12°16 
10 _ 9°00 28°04 
15 13-20 35°96 
18 53-25 871-97 16°80 48°41 
20 52°76 361°51 19°40 58°85 
25 51°58 387°16 98-00 98°48 

26 51°31 338-06 3000 109-81 

q 30 50°87 16°19 40-00 184-09 

33 49°71 305-06 50°76 823-13 

34 49°58 302-07 5500 412-22 

40°15 48°78 290-00 

4504 47°81 275-34 

50°40 46-82 261-86 

F 59°79 45°42 242-89 

q 70°61 44°35 229-87 

| 84°42 42°96 218°98 

q 108-17 42°65 210°67 
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standing, preferably 12 hours at about 40°, and then filtered either .. 
through a hot water funnel, or better, in an incubator at the same 
temperature. Particular care should be taken to prevent the salt from 
crystallising out on the filter, as then the proteid will begin to dissolve 
and go into the filtrate. After filtering,—and this, if all preeantions 
have been observed, is very easy and complete—the precipitate is 

dissolved on the filter with cold water, the temperature of which will 
define the quantity of sodium sulphate dissolved; this latter can be 
estimated from Table I. Whenever it may be found desirable to retain 
in solution as little salt as possible, ice-cold water should be used. 

The solution thus obtained may be reprecipitated; it seems, however, 
preferable, especially in presence of sugars, to bring the original pre- 

_cipitate by means of a camel-hair brush from the filter into a wide 
beaker, containing a sodium sulphate solution of required strength, and 
to filter after further 12 hours’ standing at 40°. Funnels and beakers 
ought to be warmed previously. 

The filtrate may be dealt with in two ways; if a mere qualitative 
examination is intended, it is preferably allowed to cool down slowly. 
The salt then crystallises out in big crystals and the liquid remaining 
can be poured off. 

For quantitative purposes the filtrate should be diluted—if necessary 
—cooled down quickly, if possible, on ice, and the separation started by 
rubbing the walls of the vessel with a glass rod. Sodium sulphate 

separates then in fine crystals which are filtered on the pump and washed q 
with cold water. In either case it should be borne in mind that 9 parts “a 
of anhydrous sodium sulphate absorb 11 parts of water. 

The experiments were carried out on: egg white, crystalline egg- 
albumin, the residue from the crystallisation of the former, laked blood 
(ox), serum (sheep’s, ox’s, and horse serum), fibrinogen, serum globulin, 
serum albumin, milk, casein solution, lactalbumin, and the four fractions 
of Witte’s peptone after the method of Pick’. The experimental* 
results were as follows :— | 


1 E, P. Pick, Zettechr. f. physiol. Chemie, xx1v. p. 249. 1897. 

* The figures given in the protocols are approximately correct up to 1-5—2°/,. The 
quantities of Na,SO, necessary for incipient as for complete precipitation vary in inverse 
proportion to the concentration of proteid solutions, (The same seems to apply to the 
precipitation of proteids with Am,SO,; comp. W. Popplewell, Bloxham, The ammonium 
sulphate method, ete. Proceed. Physiol. Soc. March 16th, 1901.) The determination of 
the finer limits for each proteid and for each concentration will form the subject of a later 
communication wherein the question will be discussed, how far the precipitation of proteids 
by salts is connected with the molecular concentration of the salt-solutions. | 
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Grammes 


Na,8O, 
24:0 


34:0 


20 
25 
35 


25 
32°5 


Complete 


Full precipitation of ‘ globulins” 
Initial precipitation of albumins 
Complete ” ” 9 

Full precipitation of “ globulins” 
Initial precipitation of albumins 
Incipient precipitation _ 
Complete 


Incipient precipitation 


| Complete 


Full precipitation of globulins _ 
Greatest part of hsemoglobin 
Full precipitation 

Full precipitation of fibrinogen 
globulin 
albumin 


” 
” ” 
Incipient turbidity 
Full precipitation of fibrinogen 


~ » globulin 
” » » albumin 
Full precipitation of fibrinogen 
” 9 ” globulin 
» albumin 
Full precipitation of fibrinogen 
globulin 
Full precipitation 
Full precipitation 


Incipient precipitation 
Full precipitation 
Incipient precipitation 
Full precipitation 
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Grammes 
Na, 80, 
Milk 17°5 Casein precipitated 
(4 dil.) 34 Lactalbumin precipitated 
Milk 19 Casein precipitated 
(4 dil.) . 36 Lactalbumin precipitated 
Witte’s peptone - 47°5 In the filtrate saturation with Am,SO, 
(24°/, solution) _ produces no precipitate (after 24 hours’ 
standing) 
For com tation with Na,SO 
Fractions of Witte’s peptone Na 80, 
after Pick | were required 
lst fraction Incipient precipitation 
| (Protalbumose and 
Heteroalbumose) 16°5 Full 
2nd fraction 17°5 Incipient precipitation 
(Deuteroalbum. A) 26 Full 
fraction 26'5 Incipient precipitation 
(Deuteroalbum. B) 50 Full 
4th fraction 50 No precipitate, fully sieanipiinted by the 
(Deuteroalbum. C) _ addition of 1°/, H,SO, 
5th fraction Not precipitated at sei 
(Peptone) 


From the above it will be evident that the typical proteids may be 
precipitated out of their solutions with anhydrous sodium sulphate at — 
30—40°, as also may be such fractions of Witte’s peptone which are 
precipitated by ammonium sulphate. The experimental evidence shows 
also that this method admits of a good separation of globulins from 
albumins, and of a fairly far-reaching fractionation, as far as e.g. fibrin- 
ogen and caseinogen are concerned. The same applies to the albumoses 
of Witte’s peptone. 

The use of anhydrous sodium sulphate may, furthermore, extend to 
such cases where the globulin has been precipitated by half saturation 
with ammonium sulphate, 15°/, of the former salt being sufficient in 
this instance to precipitate the remaining albumin. Thus 


Serum albumin 15°/,Na,SO, Full precipitation 
(in satur. Am,SO, sol.) 
Egg albumin 15°/, Na,SO, = Full precipitation 


(in } satur. Am,SO, sol.) 
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The following advantages may be claimed for the use of sodium 
sulphate as a proteid precipitant. 

(1) The presence of sodium sulphate in proteid solution may be 
easily detected and the salt estimated, both qualitatively and quanti- 
tatively, after evaporation of the liquid. This is particularly valuable 
where the salt is being eliminated by dialysis’. For the latter as, 
indeed, for many other purposes a great advantage is gained owing to 
the slight solubility of sodium sulphate in water at 0°C., as the quantity 
of this salt in any watery solution may be reduced to 5°/, by the simple 
means of cooling down to that temperature. 

(2) A proteid precipitate thrown down by sodium sulphate at 30°C. 
is easily dissolved on the filter with ice-cold water, only 5 grammes 
of the sodium sulphate passing into solution for every 100 parts of ice 
water employed. In every case a solution may thus be obtained 
containing 5°/, sodium sulphate, and this property may perhaps be 
utilized towards establishing a “standard coagulation point” for 
proteids. | 

(8) The proteid-precipitate with sodium sulphate may be used 
directly for the estimation of nitrogen by Kjeldahl’s method; this 
presents special advantages in all circumstances where a loss of material 
can occur during dialysis. 

(4) Sodium sulphate does not appreciably interfere with most 
reactions for proteids. 

Coagulation by boiling in presence of acids is rendered easier, as 
also is the test with Esbach’s reagent; for Heller’s test the solutions 
should be somewhat diluted so as to establish a sufficient difference 
between the relative specific gravities, 

The Xanthoproteid reaction shows undiminished intensity. es 

The biuret reaction, if the copper sulphate be added first, and the ~ 
alkali subsequently, is quite as clear in presence of large quantities, as 
in absence of sodium sulphate. 

_ Millon’s reagent is precipitated even by small quantities of sodium 
sulphate, and this precipitate tends rather to obscure the reaction. If 
however the proteid be precipitated previously by boiling after the 
addition of a few drops of nitric acid, and not too large quantities of the 
reagent be added to the still hot liquid, the reaction is produced with 
sufficient intensity and develops still more on standing (in the case of 
albumoses heating is, of course, not indicated). 


1 It may be noticed that sodium sulphate passes animal membranes very slowly, 
vegetable parchment should therefore be used for purposes of dialysis. 
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Adamkiewicz’s reaction (with Hopkins-Cole reagent’). With 
this reaction the presence of sodium sulphate seems tu interfere to 
some appreciable degree in the single instance of horse serum (with 
serum, be it noticed, the intensity of this reaction varies very con- 
siderably with the concentration, some sera give hardly any coloration 
in a dilution of 2 parts serum to 5 parts water). In doubtful cases it 
seems preferable to coagulate the proteid first, and to apply the test to 
the coagulum. Egg albumin gives in presence of sodium sulphate a 
more cherry red colour than usual; vitellin and lactalbumin show their 
reactions unchanged. The reaction with peptones is slightly inhibited 
by large quantities of sodium sulphate, dilute solutions do not, however, 
interfere with it. 

Precipitation with chlorine and bromine is inhibited by the 
- presence of larger quantities of sodium sulphate; even after the quantity 
of the salt in solution has been reduced to about 5°/, it is yet advisable 
to dilute it with an equal bulk of water. 

(5) Injections with sodium sulphate in a concentration of 5 °/, are 
easily tolerated by animals. A circumstance which will prove of 
particular advantage in applying this method for the investigation of 
toxins, antitoxins, etc. | 


In all cases, where the presence of a small percentage of sodium 
sulphate is of little consequence, which, indeed, would be the case in 
most instances,—the water absorbing properties of the anhydrous sodium 
sulphate may be made use of in order to concentrate proteid-solutions, 
a method which is much more expedient and safer than the evaporation 
in vacuo. To accomplish this the required quantity (45 parts of the 
anhydrous salt for every 55 parts water to be abstracted) is added at 
about 30—34° C., and after a few hours the solution is cooled down, if 
needs be, to 0° C. 

It is obvious that, when sodium sulphate has been added to a 
proteid solution or to some proteid material in such a quantity that for 
55 parts water, 45 parts are used of the anhydrous salt, on cooling a 
solid mass will be formed. This may be reduced to a fine powder, and 
kept for a long time without any evident change of the proteid — 
material. 


1 Proc. R. S. uxviu. p. 21. 1901. 
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1. 10c.c. horse serum containing 0°683 grammes proteid (from. two estimations 
after Devoto) were mixed with 10 grammes anhydrous sodium sulphate, the 
mixture was left standing at ordinary temperature, and was found the next day to 
have solidified. It was then ground and left standing for two weeks, when it was 
re-dissolved in 100 c.c. water and a new estimation made sctoahican which gave 


0671 grammes proteid. 
II. In cow’s milk the fat had been estimated at 3°63°/,, the casein at 3°10°/,, 
20c.c. milk were mixed with 20c.c. anhydrous sodium sulphate, left standing for 


two days, the solid mass ground and extracted with chloroform. 


Quantity of fat found 3°75°/,. After extraction the remaining powder was 
dissolved in 400c.c. water, and the casein precipitated as usual. 
Quantity of casein found, 2°92 °/,. 


IIL. 10c.c. laked blood had been left standing with 10 grammes anhydrous 
sodium sulphate till complete solidification ensued. The powder has remained 
completely soluble two weeks after and gave the reaction of oxydases with guaiac 
tincture and turpentine with undiminished intensity. Milk subjected to the same 
treatment also retained full solubility and gave the oxydase reactions, 

Other proteid material, such as milk, egg yolk, meat, cod’s roe, fish, etc., has 
been kept for more than two months without showing any visible sign of change. 


The few examples quoted above may suffice to demonstrate the © 
applicability of the method described, in the first instance, for the 
purpose of preserving proteid material and for the purpose of bringing 
animal tissue, etc., into an easily workable form. 

The preservation of proteid material with anbydrous sodium sulphate 


has one undoubted advantage over alcohol, in that this treatment, while 


stopping equally effectively any enzymotic changes, at the same time 
does not seem to change the chemical character of the proteid. Some 
interesting results will possibly be obtained by this method; it may be 
possible, for example, to obtain some insight into the nature of the 
fibrin ferment, by treating freshly drawn blood as described. Questions 
of “artifacts” and “educts” may also be attacked from this new point 
of view, as eg. whether yolk-vitellin contains lecithin in chemical 
combination, etc. A few results obtained already now show that the 
possibilities claimed for this method are not entirely without experi- 
mental justification. | 


I wish here to express my best thanks to Mr F, Gowland Hopkins 
for the interest he has taken in the work, and to Dr J. N. Langley 
for his permission to work in the Physiological Laboratory of the 
University of Cambridge, in which the research was commenced. 
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SUMMARY. 


1. Sodium sulphate possesses at 30° the same proteid precipi- 
tating power as ammonium sulphate. 

2. The anhydrous salt is used instead of the hydrated; at the 
temperature indicated above, it precipitates globulins at the point of 
half saturation (about 25°/,) and albumins—at full saturation (about 
50°/,), it also allows of a fractionation of the albumoses of Witte’s 
peptone. 

8. The use of sodium sulphate as proteid precipitant presents the — 
following advantages, (a) the colour reactions are hardly at all inter- 
fered with, (b) the nitrogen of the precipitate may be estimated after 
Kjeldahl directly, (c) it is easy to obtain solutions containing little 
salt (5°/,), (d) the salt itself is practically non-toxic. 

4. By adding to proteid solutions enough anhydrous sodium 
sulphate to absorb all the water, a product is obtained which can be 
kept without a change in the proteid and which is easily workable. 
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OBSERVATIONS UPON THE RESPIRATION AND TEM- 
PERATURE OF THE MARMOT. By M. 8. PEMBREY, 
M.A., M.D. (Three Figures in Text.) 3 


(From the Physiological Laboratory, Guy's Hospital.) 
I. Introduction. 


II. Method of Observation. 
III. Respiratory Exchange. 

IV. Respiratory Movements. 

Vv. Awakening from Torpidity. 
VI. Work of previous Observers. 
Summary and Conclusions. 


I. Introduction’. There is a special interest attached to hibernating 
mammals, for the rise which occurs in the temperature of their bodies 
during the awakening from torpidity is greater and more rapid than 
any other elevation of temperature which can be observed in animals. 
Hibernation is moreover a physiological condition in which the processes 
of combustion are reduced to the lowest ebb compatible with the life 
of mammals ; during this winter sleep the animal responds to changes 
in the external temperature in a similar way to that shown by a 
cold-blooded animal; in summer when it is awake and active it has 
the characteristics of a warm-blooded animal. 

Although many observers have investigated the phenomena of 
hibernation, there are comparatively few determinations of the respi- 
ratory exchange; and upon the nature and seat of the energetic 
combustion, which can raise the animal’s temperature through twelve 
degrees in forty-eight minutes, there is a considerable want of agree- 
ment in the views of different observers. : 

Observations upon the respiratory quotient and the discharge of 
water from hibernating animals during torpidity, the awakening from 
torpidity and activity cannot fail to throw light upon the metabolism 
of fat and of carbohydrates, and the relation of the one to the other. 


1 The expenses of this research were defrayed by a grant from the Royal Society. 
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II. Method of Observation. Experiments upon the respiratory 
exchange, the temperature, and respiratory movements of a marmot 
were commenced in 1898 and have been continued from time to time. 
Further experiments are being made upon several points mentioned in 
this paper. . : 

The respiratory exchange was determined by Haldane’s' modifica- 
tion of Pettenkofer’s method; the marmot was weighed in a closed 
chamber against a “dummy” chamber in order that changes in the 
temperature, moisture and pressure of the atmosphere might produce 
_ no errors; pure dry air was aspirated through the chambers ; the water 

discharged by the animal was absorbed by pumice soaked in strong 
sulphuric acid and the carbon dioxide by soda-lime. Further details 
upon the method and its accuracy are given elsewhere*, The “dummy” 
chamber was in size and construction exactly similar to the chamber 
in which the marmot was placed; both chambers were surrounded by, 
but not fixed to, a jacket, which in some experiments was used as a 
water-bath. The volume of each chamber was 6500 c.c. and the rate 
of ventilation was about half a litre per minute. Pure dry air was 
aspirated through the chambers and the entire apparatus was tested 
for leaks before the determination of the respiratory exchange was 
commenced. The balance was accurate to a centigramme. 

The temperature of the marmot was observed in the rectum, and in 
some cases in both the rectum and mouth. | 

In a separate series of experiments the respiratory movements were 
recorded. Several methods were tried. A modification of Marey’s 
stethograph was employed in some observations, but on account of the 
danger of awakening or disturbing the animal it was abandoned for 
the following method. A piece of tape was firmly stuck to that portion 
of the animal’s skin which moved most in respiration and from this 
a thread passed to a recording lever. In this way it was possible to 
leave the marmot coiled up and undisturbed and to record the respi- 
ratory movements from day to day. The graphic record was carefully 
checked by observation of the actual respiratory movements. 

III. Respiratory exchange. The determinations of the vespiratory 
exchange fall naturally into three groups, according to the condition — 
of the marmot, (i) Activity, (ii) Torpidity, and (iii) the Awakening, 
the passage from torpidity to activity. 
1 Haldane. This Journal, xut. p. 419. 1892. 


? Haldane, loc. cit. Haldane and Pembrey, London, Edinburgh and Dublin Phil. 
Mag. April, 1890. Pembrey and Giirber, this Journal, xv. p. 449. 1893. 
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Hike Carbon 
Date | dioxide marmot 
Temp. |discharged |discharged absorbed | 92 | COs | Rectal 
1898 pe 4 in grms. | ingrms. | ingrms.| O, | H,O | temp. eal 
16. viii | 29° 0°38 0°75 0°68 0°80 | 2-00 | 36°-0* | 1661°37 
28 | 0-45 | 080 | 0°67 | 0°87| 1-78 | 38-0+ | 1660-92 
17 . viii| 26 0°43 117 0°92 | 0°92 | 2°72 | 86°5* | 1746°51 
8.ix | 28 0°54 1°97 1°15 | 38°65 | 87°0* | 
28 0°46 1°59 090 | 1°28 | 3°46 | 88°8+ | 1635°45 
12.ix | 25 0°43 0°91 .| O92 | 0°72 | 2°12 | 35°5* | 1639°45 
16.ix | 26°83 | 0°44 1°73 0°90 1°39 | 3°93 178807 
19°2 | 0°38 1°84 36°8 * 
87-0+ 
30.xi | 158) 0°36 1°92 1°75 | 0°79 | 5°33 | 85°25 *| 1613°88 
| 0°40 | 1°84 | 1-26 | 0°78| 8°35 | 845+ | 1618°85 
1.xii | 18% | 0°47 1°52 1°58 0°72 | 8°23 | 84°25 *| 1577°98 
| 36°0 + 
1899 
4.i 15°0 | 0°37 1°80 1°51 | 0°87 | 4°86 saat 1708-32 
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(i) Activity. The following table gives the results obtained when 
the marmot was awake and active. The periods are for one hour. 


Remarks 
The marmot has not received 
much food for two or three 
days. It is quiet and coiled 
up during the experiment, but — 
it had been actively moving. 
The marmot had been well fed. 


99 99 


The marmot had not been fed 
on the previous day. 
The marmot had been well fed. 


99 ” 99 


The marmot is actively moving. 

The marmot is quiet. 

The temperature of the marmot 
rose, owing to activity, from 
84°°25 to 36° during the exp. 

The marmot is active and 
eaten a penny roll of bread 
since last night. 


* Rectal temperature at the beginning of this period. 


+ Rectal temperature at the end of this period. 


These results show that in warm weather the respiratory exchange 


of a marmot differs somewhat from that of another rodent, the rabbit ; 
the discharge of water from the lungs is much smaller, and greater 
variations are seen in the respiratory quotient of the former animal. 
Thus Pembrey and Giirber’ found in fourteen determinations of the 
respiratory exchange of eight normal rabbits quotients varying from 
0°81 to 107. A well-fed rabbit, weighing 1744 grammes, discharged 
in one hour 1°75 grammes of carbon dioxide and 0°89 grammes of 
aqueous vapour ; it absorbed 1°36 grammes of oxygen. The respiratory 
quotient for these figures is 0°93 and the quotient ao is 1:96. The 
temperature of the air was 18°—20°. 

The variations in the respiratory quotient of the marmot, 0°72 to 


_ 1°39, are to be connected with the peculiar metabolism of the animal: 


during the summer it stores up a large quantity of fat and upon this | 
it lives when it is not supplied with food. The high quotients on the — 
other hand were observed after. the marmot had been well fed. 


1 This Journal; xv. p. 449. 1893. 
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It is to be noted that the marmot’s rectal temperature varied from 
35° ‘5 to 38°°8 when the external temperature was not below 25°. 

(ii) TZorpidity. During the winter-sleep the respiratory exchange 
is not only greatly reduced, but the amount of oxygen absorbed is, as 
Regnault and Reiset first observed, large in proportion to the 
carbon-dioxide discharged; the respiratory quotient falls to ‘58 or 
even lower. These results are confirmed and extended by my obser- 
vations, which are given in the following table. The determinations 
are for periods of one hour. 


Water | dioxide 
| \discharged CO; | Rectal 
12°-2; 0°22 1:20 | 164 | 0°53 | 5°45/12°* | 154764] The marmot has been inactive 
: and coiled up for the last two 
13 + or three days and has not eaten 
food. The rectal temperature 
is 12°, but it rose during the 
: experiment to 13°. 

12 0°11 0°60 | 0°79 | 0°55 | 5°45 | about The marmot has been coiled up 
id for several days and has not 
eaten food. It is cold and 

shows Cheyne-Stokes’ breath- 
ing. Two hours later, after it 
’ awoke, the rectal temp. was 17°. 
125 | 0°19 1:07 1°42 | 0°55 | 5°63 about The marmot has been coiled up 
SES din _ for several days and has not 
| eaten food. Marmot awakened 
17°5t , incompletely during the exp. 
| and at the end of the period 
its temperature was 17°°5 in the 
rectum, 18° in the movth. 


* Rectal temperature at the beginning of this period. 
+ Rectal temperature at the end of this period. 


When the marmot is torpid its respiratory exchange is small and is 
characterised by the small respiratory quotient. The sleeping animal 
gains in weight, for although it loses water and carbon dioxide it 
absorbs a greater weight of oxygen. Thus in the above: experiments 
the gains in weight during periods of one hour were eleven, eight and 
sixteen centigrammes respectively. The amount of moisture given off 
is small and relatively to the carbon dioxide discharged it is much 
smaller than in the active animal. | 
The marmot was kept in the room in which the experiments were 
- made, so that no error should arise from a change of external tem- 
perature during the determination of the respiratory exchange. The 
temperature of the air did not fall below 11°. On this account the 
animal's torpidity was not profound and was easily disturbed by the 
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observation of the rectal temperature. These facts explain the absence © 
of any great fall in the respiratory exchange. 

The increase in the marmot’s weight during torpidity confirms the 
result obtained by Sacc, Regnault and Reiset, Valentin and Dubois. 
The animal takes no food, and therefore its increase in weight must be 
due to an absorption of either oxygen, nitrogen, or water from the 
atmosphere. Regnault and Reiset decided in favour of an absorption 
of oxygen, although the possibility of an increase in weight due to 
moisture on the fur was not excluded in all the observations; they found 
also in some experiments a discharge, in others an absorption of nitrogen. 
Valentin and Voit held that in many cases the increase in weight was 
due to an attraction of water by the skin, but their analyses, as in the 
case of Regnault and Reiset’s, show that the quantity of oxygen 
absorbed was greatly in excess of the amount necessary to combine with 
carbon to form the carbon-dioxide discharged. 3 

In my experiments the air drawn through the respiration-chamber 
had been previously dried by passing through an absorption-bottle filled 
with pumice soaked in pure sulphuric acid; the fur therefore would 
probably not gain but lose a small quantity of moisture. The figures 
for the respiratory exchange show a large absorption of oxygen in 
proportion to the carbon-dioxide and the water re The 


quotien 


0, 
O, 
been observed by Marés in hibernating spermophiles. Such low 
quotients cannot be explained by a combustion of fat alone, thus, if 
olein be taken as an example, its combustion in the body would yield 
@ quotient 0°71. 

The combustion of fat is without doubt the partial cause of the low 
quotient, but an additional factor must be present. It is well known 
that hibernating mammals possess a large deposit of fat which gradually 
disappears during the period of torpidity. Voit found that in a 
hibernating marmot, the adipose tissue was more than thirty per 
cent. of the weight of the body. Further Claude Bernard showed 
that glycogen accumulated in the liver during torpidity and disappeared 
very rapidly when the animal awoke. This has been confirmed by Voit 
and Dubois; the former found 2°22 per cent. of glycogen in the liver - 
and 0°371 per cent..in the muscles; the total glycogen in a marmot 
weighing 2907 grms. was 3°95 grms. This interesting result Voit 
contrasts with the condition found during hunger in a non-hibernating 
mammal, and he connects it with the great decrease in muscular action 
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which is characteristic of torpidity, and the increase in weight of the 
marmot owing to the large absorption of oxygen in proportion to the 
carbon-dioxide discharged. 

Since the torpid animal takes no food it must form glycogen from 
some other substance in its body, and it is fat which disappears during 
the storage of glycogen. Voit and Chauveau hold that fat may form 
sugar, which in turn can be stored up as glycogen in the liver and 
- muscles. This would be the additional factor to explain the low 
respiratory quotient of hibernating animals. Thus to take the example 
of olein, which is found — with palmitin in the fat ss the 
marmot : 


2.0, H, 


2 


The characteristic metabolism of the hibernating marmot can thus 
be explained as the combustion of fat and the formation of glucose, 
which is stored as glycogen. This contention is further supported by 
the results obtained for the discharge of water. In Regnault and 
Reiset’s experiments and in those by Marés this was not determined ; 
Voit made only two determinations of the respiratory exchange, and 
the estimation of the water is vitiated by the fact that in the 
experiment upon the torpid animal 5°60 grms. of water were given 
off by the cloth which surrounded the marmot. Valentin determined 
the output of water in some of his experiments and obtained the 
following results :— 


Output of water per kilo and hour 


Condition of marmot Maximum Minimum Mean 
Deeply asleep 0-040 grm. 0°018 grm. 0°029 grm. 
Asleep but less deeply 0-067 0-006 0°028 
Asleep but not firmly 0°029 
Drowsy 0-226 


In these experiments the air of the chamber in which the marmot. 
was placed was saturated with moisture; the determinations are incom- 
plete for the various stages and show considerable variation. 

Horwath found in the case of the ‘sisel’ that the quantity of 
water discharged during torpidity was almost equal to that of the 
carbon-dioxide, but, when the animal was awake, it was proportionally 
five times less. Dubois states that he found somewhat similar results 
for the marmot, and that during the awakening from torpidity the 
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amount of water was almost as small as during the active condition ; 
he does not apparently give the figures which he obtained for these 
various conditions, but states that the water was eleven times less than 
the carbon-dioxide during the awakening- es 

(iii) The awakening, the passage from torpidity to activity. It has 
— long been known that hibernating mammals can raise their temperature 
rapidly during the process of awakening; the temperature of a dormouse 
may rise from 13°5 to 35°75 in one hour, that of a bat from 11°25 to 
33°'5 in fourteen minutes. These are small animals, but even a marmot 
weighing over 1500 grammes can raise its temperature through twelve 
degrees in forty-eight minutes. There must be an extremely energetic 
combustion to produce this rise; the respiratory exchange shows this, 
but upon the seat of this combustion there is much divergence of 
opinion. 

_ The following determinations of the respiratory exchange of the 
marmot show the marked effect. of the awakening from the winter- 
sleep. The periods are for one hour. 

These results show that during the process of awakening there is a 
great increase in the discharge of carbon dioxide and in the absorption 
of oxygen; the former, however, shows a relatively greater increase, the 
respiratory quotient rises. The discharge of moisture is only slightly 


augmented and thus the ratio HG is even as high as 16. The corre- 


sponding figure for the active animal during summer is about 3. 
When the temperature of the animal has been raised to about 30°, 
the respiratory exchange shows a marked decrease; the most energetic 
combustion is observed during the period, when the animal's tem- 
perature is rising most rapidly, from 15° to about 28°. 

In none of the experiments recorded in this paper did the marmot 
pass urine or feces in the respiration-chamber. The determinations of 
the moisture therefore represent accurately the discharge of moisture 
from the lungs; the marmot’s skin and fur are very dry and probably 
give off only traces of moisture during the experiment. The chamber 
containing the marmot was ventilated with dry air before the com- 
mencement of an experiment. 

What then is the nature of the combustion which causes this rapid — 
rise in the respiratory exchange and the temperature of the animal? — 
From the analyses made by Claude Bernard and by Dubois it ‘is 
known that glycogen disappears very rapidly during the awakening 
from hibernation, and it will be shown later that the marmot at this 
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2°49 


0°60 


2°51 


in grms. 
2°68 


1°63 


302 
3°02 


1°15 
2°65 


3°34 
8°34 


1-4 


2°79 
2°80 


0°79 


2°62 


CO, 


0°69 


0°71) 
0-71\ 


11°42 


9°56 
9°56) 


4°17 


4°17 


14°42 
13°70 


16-78 


Rectal 
temp. 


32°2* 


26°5 * 
15+ 


33 * 


17* 


1634-30 


1634-20 
1569°82 


1568-90" 


1636-05 


1565 °86 


Remarks 


Marmot was cold and asleep, but 
struggled and awoke when it 
was placed in the respiration- 
chamber and weighed. 

Marmot is now very quiet and 
breathing slowly. 

Marmot was cold and coiled up, 
but awoke when it was placed 
in the pi 43 hy 
This period was for two hours. 
Rectal temperature before com- 
mencement of the next period 
was 38°, 

The marmot is very quiet. 


Marmot has been coiled up for 
several days and has taken no 
food. It feels cold. It awakes 
during the experiment, shivers 
and breathes rapidly and deeply. 

Marmot is awake and is shiver- 


ing. 

Marmot has been coiled up for 
several days, but the observa- 
tion of its rectal temperature 
awoke: it at the beginning of 
the experiment. This period 
was for two hours. 

The marmot was quiet during 
this period of two hours. At 
the end of this time its rectal 
temperature was 33°, it was 
awake and ate some bread. 

The marmot has been coiled up 
for several days and has taken 
no food. It awoke during the 
experimentand showed Cheyne- 
Stokes’ breathing. Rectal tem- 
perature at the end of the period 
of two hours was 23°. 

The marmot has been coiled up 
no t 
Stokes’ b i 

Marmot awakes during the ob- 
servation. Rectal temperature 
at the end of the period was 
17°, that of the mouth=23°. 


It can move its fore legs much 
more acti than the hind 
ones, and some food. 


* Rectal temperature at the end of this period. — 
+ Rectal temperature at the beginning of this period. 


Carbon Weight of a 
Date Water | dioxide 005 marmot at 
7.x |17° | 0-40 | 9-74 0°74 | 6°85 1559-07 
17 | 0-39 | 1°65 | mmm |0-73| 4-23 | 32°* | 1558-61 _ 
22. xii] 145 | 0-31) | 3°20 0°77) |10-82 1613-98 
14:5 | | 3°20 | 30 * 4 
mm | 102 0-64| 3-64 | 
14. i 0°68 | 9°58 4 
m | | 3-54 | 3:35 |0-77 
0°36) | 3°44 0°75 q 
| at | q 
0°35) | 1°46 0-74)| 
$1 mmm) | 2-74 4 
| | 0°55 | 5-45 1565-78 q 
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time exhibits increased muscular action and marked shivering. These 
facts would suggest that the combustion is that of carbohydrates. The 
respiratory quotient, however, in my experiments on the marmot during 
the stage of awakening are not higher than 0°77, a figure not much 
greater than that for the combustion of fats. Provisionally the following 
explanation may be given. The analyses show that the respiratory 
exchange and the quotient decrease after the first outburst which 
characterises the rapid rise in temperature. It is probable therefore 
that the glycogen is rapidly converted into sugar and undergoes com- 
bustion, giving a respiratory quotient 1, but that this is masked or 
reduced to 0°7 by a simultaneous combustion of fat and the formation 
of more glycogen and sugar for future combustion. 

Another point needs further observation, and that is the small 
amount of water discharged by the awakening marmot. It does not 
increase in proportion to the increase in the carbon dioxide. This is 


O 

during the period of rapid combustion and falls during the following 
period, thus in one experiment from 103 to 36 and in another from 
9°5 to 41. From a teleological point of view it could be understood 
that the marmot taking in neither food nor liquid but steadily losing 
moisture during its winter-sleep would retain some of the water formed 
during the combustion of its carbohydrate and fat. Aeby found that 
the organs of a marmot contained a somewhat smaller quantity of water 
than the corresponding organs of a normal rabbit, and this was most 
marked in marmots at the end of their winter-sleep. | 

IV. Respiratory movements. The slow and irregular breathing of 
hibernating animals attracted the attention of the earliest observers, but 
the graphic records of the respiratory movements are few. Valentin, 
Dubois and Patrizi have recorded the respiratory movements of the 
marmot and their results will be described in another portion of this 
paper. 

When the marmot sleeps it is coiled up in its nest and its head is 
tucked under its body so that only its back is exposed. The respiratory 
movements are extremely slow and shallow during torpidity (Fig. 1, 
Curve I.); the rate of respiration may be only one per minute, when 
the rectal temperature of the marmot is 9°; the respiration is very 
shallow and its two phases last five or six seconds. If the marmot be 
disturbed or be naturally less torpid, the respiratory movements are 
more frequent and show a marked tendency to fall into groups separated 


probably due to the retention of water. The quotient a is very high 
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by periods of apnoea; during this stage Cheyne-Stokes’ breathing may 
often be observed, there is a waxing and waning of the respiratory 
movements until only the slightest flicker can be observed by the naked — 
eye and recorded by a sensitive lever (Fig. 1, Curve II). In some 
cases a period of absolute apnoea appears to follow the waning of the 
respiratory movements. The rectal temperature of the marmot during 
this stage is about 10° or 12°, that of the mouth may be a degree or two 
degrees higher. During this period there is frequently exhibited another 
modification of respiration, similar to that observed by Marshall Hall, 
Pembrey and Pitts, and others in the case of the hedgehog; the 
marmot during a series of slow respirations takes a “deep and sonorous 
inspiration” (Fig. 2, Curve IL). 

As the marmot awakens and becomes less torpid its respiratory 
movements quicken and show an irregular rhythm with no waxing and 
waning (Fig. 1, Curve IIT); the rectal temperature during this stage is 
generally two or three degrees above that seen in the second stage. 
The process of awakening soon becomes more marked, the marmot 
moves, breathes more rapidly and shivers, especially in the anterior 
part of its body; the head and thorax shake and the teeth chatter 
(Fig. 1, Curve IV.). The temperature of the animal is now rising 
rapidly; thus during the continuous record, portions of which aré 
reproduced in Fig. 1, the temperature of the rectum was 11%5, that of 
the mouth 13° at 2.40 pm., when Curve III. was taken, and at-’ 
3.30 p.m. the respective temperatures were 18°°8 and 23° when the 
marmot was shivering. Twenty-five minutes latep-the rectal tempera- 
ture had risen to 25°, that of the mouth to 27%. 

When the marmot is wide awake and its body has a temperature 
of 34° or higher, the respiration is continuous and is no longer 
disturbed by shivers (Fig. 2, Curve IV). The rate of respiration is 
about eighty-four per- minute. 

These stages, as shown by the continuous records, pass the one into 
the other; the transition is gradual but can be accelerated by disturbing 
the animal. When once the shivering movements have appeared the 
marmot always awakes and its temperature rises rapidly. A comparison 
of the respiratory movements of the marmot with those observed in 
_ other hibernating mammals, such as the dormouse, hedgehog and bat 
(Pembrey and Pitts), shows a marked resemblance in the various 
types of breathing corresponding to different stages in the animal’s 
activity and temperature. Apart from the ordinary respiratory 
movements of the active animal four types can be recognized:— | 
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(i) In the torpid animal when its temperature is below 11° 


there are long periods of apnoea, with one or two respirations in several 
minutes (Fig. 1, Curve I.). 


Figure 1. Respiratory Movements of a Marmot. I. Very slow respiration during torpidity. 


The rectal temperature 6 minutes later, at 1.40 p.m., was 9°. TI, Cheyne-Stokes’ 
breathing, waxing and waning of respiration. The marmot had been disturbed by 
the observation of its rectal temperature, which was 9°°8 at 2.4 p.m. ; the temperature 
of the mouth was 10°°2. The tracing was then taken. At 2.19 p.m. the rectal tem- 
perature was 10°°3, that of the mouth 11°°8. Ill. The respiration is more rapid. . 
The marmot is very sluggish ; the rectal temperature is 11°°7, that of the mouth 13° 
at 2.40 p.m. IV. The marmot is awake and shivers; the rectal temperature is 
18°°8, that of the mouth 23° at 3.30 p.m. The respective values were 25° and 27°°5 
at 3.55 p.m. The temperature of the air was 9° to 10° during the experiment. 
(9. i. 1901.) | 

The upstroke represents inspiration and the curve should be read from right to left. 
The time is marked in seconds. The rate of revolution of the drum was the same in 
the case of Curves I. II. and III. 
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(ii) In the less torpid animal with a temperature two or three 
degrees higher the respirations show a marked tendency to form 
groups; Cheyne-Stokes’ breathing may be well marked (Fig. 1, 
Curve IT. and Fig. 3), or a series of respirations may be broken by a 
single deep-sighing respiration (Fig. 2, Curve IL). 


Figure 2. Respiratory Movements of a Marmot. 1. Slow respiration during torpidity. 
The rectal temperature was 10°°25 at the end of the experiment.. The temperature of 
the air was 8°. (3 p.m. 9. xii.99.) II. Deep-sighing respiration; the marmot was 
less torpid. The rectal temperature was 10°°25; that of the air 7°. (11. xii. 99.) 
Ill. The marmot is shivering and its temperature is rising. Rectal temperature= 
16°; that of the air=16°. (4. i. 1901.) The rate of the movement of the paper was 
too slow to show the number of movements in the shiver, but with a lens, indications 
of them can be seen in the original tracing. IV. The marmot is awake and active ; 
its rectal temperature is 84°°5. The temperature of the air is 6°°5. (12.15 p.m. 12. 
xii. 99.) 

The upstroke represents inspiration and the ourves should be read from left to 
right. The time is marked in seconds, 
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(iii) In the inactive animal, when awakening is beginning, the © 


respiration is much quicker and the periods of apnoea are short or 
absent (Fig. 1, Curve III). The temperature is rising slowly. 

(iv) The respiration of the awakened animal is rapid and 
continuous ; it is accompanied by tremors or marked shivering (Fig. 1, 
Curve IV. and Fig. 2, Curve III.). The temperature is rising very 
rapidly to about 28°. 


Figure 3. Respiratory Movements of a Marmot. Waxing and waning of respiration. 
The rectal temperature was 12°, that of the mouth 14°. The upstroke represents 
inspiration and the curve should be read from right to left. The time is marked 
in seconds, | 


V. Awakening from torpidity. A review of the foregoing ob- 


servations shows that the marmot’s temperature, respiratory movements 


and respiratory exchange increase slowly until a temperature about 16° 
is reached; with the stage of shivering and rapid respiration is 
associated a great augmentation in the discharge of carbon dioxide, in 


_ the absorption of oxygen and in the temperature of the animal. 


It was impossible in these experiments to record simultaneously 
the respiratory movements, the temperature and respiratory exchange 
of the marmot. In the following table therefore the figures for the 
respiratory exchange are placed in brackets, because they refer to 
experiments performed on different occasions. . 

As far as my observations extend at present, the marmot never 
awakes from torpidity without showing shivering, and when once these 
movements have commenced torpidity will be replaced by an active 
condition, during which the animal will move about its cage and eat 
before it returns to sleep again in its nest. These shivering movements 
are, as shown by actual observation and the continuous graphic records, 
very pronounced and appear to be sufficient to explain the rapid rise in 
the animal’s temperature at this stage; further, the increase in‘ the 
respiratory exchange and the rise in the respiratory quotient have been 
shown to be probably due in part to the combustion of carbohydrates 


as in muscular activity. Similar shivering can be observed in the | 
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dormouse, hedgehog and bat in the same stage of the awakening 
(Pembrey and Pitts). This explanation is supported by the work 
of Richet upon the effect of shivering in the dog, and must be 
discussed more fully in a later part of this section, for Dubois does not 
consider it to be the cause of the rapid rise of temperature in the 
awakening marmot. 

The difference in the temperature of the Sion and rectum of the 
marmot and other hibernating mammals has been observed by Berger, 
Mangili, Saissy, Valentin, Quincke, Horwath and Dubois. It 
is seen in my determinations and is most marked when the marmot’s 
temperature is rising rapidly—when it is shivering. Various factors 
are probably concerned in this difference. Marés maintains that in 
hibernating spermophiles the circulation is suspended in-the posterior 
portion of the body; Saissy considered that the posture of the marmot, 
coiled up in a ball, interfered with the circulation. Dubois criticises 
adversely these views and says that the warming commences in the 
liver and is completed chiefly by the activity of the cardiac and 
respiratory muscles. I have made no experiments upon the circulation 
of the blood in the marmot, but have observed that the awakened 
marmot shows marked loss of power and incoordination in the hind 
legs as compared with the fore legs; in this respect it resembles a 
rabbit after suspension for a time head downwards. Further the 
shivering movements, apart from the respiratory movements, appear 
to ke at first almost confined to the anterior part of the body. The 
temperatures of the mouth and rectum show little difference when the 
animal is torpid, and when it is fully awake the rectal temperature is 
about a degree higher than the buccal. | 
: Shivering increases the respiratory exchange. Thus in man it may, 

as Liéwy has shown, increase the metabolism by one hundred per cent. 
- In non-hibernating animals Richet found that shivering was accom- 
panied by an increase in the respiratory exchange and a rise in the 
respiratory quotient. Dubois, however, maintains that in the marmot 
true shivering is never observed during the awakening from torpidity ; 
that the muscular contractions which are observed are to be considered 
as an effect, not as a cause, of the increased heat of the body; and 
that the chief seat of the heat produced aang the awakening is 
the liver. 

It is necessary to point out that shiverings or tremors are seen 
in the marmot, bat, dormouse and hedgehog during the awakening 
from torpidity, at the time when the internal temperature is rising 


4 
wi 
4 
i 
| 
3 


RESPIRATION OF MARMOT. 81 


most rapidly and the intake of oxygen and the output of carbon dioxide 
are greatly increased. The muscular activity may be the chief cause 
of the heat produced, and the liver may in the second place become 
more active in order to supply the muscles with combustible material. 
Further remarks on Dubois’ views will be reserved for a future 
communication. 

NVI. Work of previous observers. The papers upon the subject of 
hibernation are very numerous, but an examination of these is now 
made more easy by the work of Dubois, who in his valuable monograph 
“ Physiologie comparée de la marmotte” gives an abstract of the most 
important researches in addition to a bibliographical index of one 
hundred and forty-five papers. It is therefore only necessary here 
to refer to the eeperannte bearing directly upon the results of the 
present research. 

‘The previous work upon the respiratory exchange of the marmot 
can be most clearly compared with my results by means of a table. 


Oxygen, | dioxide | Water 
Comdidion of | | | 
Observer marmot Pee kite boar | Remarks 
REGNAULT Asleep 0°040 | 0-023 ‘40 | Rectal temperature was 12° at the 
and Reset end of the experiment. 
Asleep but | 0°085 | 0°064 ‘55 | Rectal temperature was 11°-2 at the 
load beginning and 22°-1 at the end of 
the experiment. 
Awake 0°774' | 0°641 69 | Rectal temperature was 34° at the end 
of the experiment. 
Awake | 1°316 80 
VALENTIN =| ly asleep| 0°024 | 0014 0°029 ‘44 | Mean of 7 experiments. 
but | 0°047 | 0-033 0028 | ‘51 | Mean of 16 experiments. 
less deeply : 
0°144 | 0°125 0-029 “63 | Mean of 8 experiments. 
not 
Drowsy 0°575 | 0°569 0-226 ‘72 | Mean of 3 experiments. 
Awake 0°978 80 of 5 e ents. 
Vorr Asleep 0322 | 0°145 0°172 "33 ‘60 grms. H,O given off by cloth in 
which the marmot was wra 
Drowsy O°411 | 0°474 0°203 
PEMBREY Asleep 0°50 0°38 0°07 "65 | 
Awaking 1°67 1°60 0°09 69. | Rectal tem =17°, mouth 23° 
at the end of the experiment. 
Awake 0°70 1°20 0°33 1:24 | Rectal temperature 37°. Temperature 
The marmot had been 


Dubois gives a table showing the respiratory exchange of a marmot 
awakening from its torpidity; the most marked combustion is shown 
: when the temperature of the rectum reaches 12° and that of the mouth 
i 28°. There is then a slow decrease in the intake of oxygen and output 
Bee PH. XXVII. 6 
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of carbon-dioxide as the animal’s temperature rises to 34°. The respi- 
ratory quotient was 0°858 when the temperature of the marmot was 
7° to 8°; this is considerably higher than the figures obtained by other 
observers. There appears to be no note of the animal's weight; for 
_ this reason the results cannot be placed in the preceding table. 

Horwath made observations upon the respiratory exchange of the 
‘sisel’ (spermophilus citillus), a rodent allied to the squirrels. The 
determinations were made by the analysis of the air taken at different 
times from a closed bell-jar in which the animal was kept. He pointed 
out the unsatisfactory nature of such a method, but found that the rapid 
rise in the temperature of the hibernating animal was accompanied by 
an increase in combustion. 

Upon the ‘sisel’ experiments were also made by Marés. The weight 
of this animal was about two hundred grammes, and its respiratory 
exchange in the normal condition was as follows: oxygen absorbed per 
kilo. and hour 3°854 grms., carbon-dioxide discharged 3949 grms., 
respiratory quotient 0°745. During hibernation the corresponding 
figures were O, 0°048 grm., CO, 0°058 grm. and “5 0539 ; during 
the awakening from torpidity the oxygen absorbed was 5°9 grms, and 
the carbon-dioxide discharged was 6 grms. The respiratory quotient 
varied from 0°295 to 1°664 in the various stages of hibernation. 
- Unfortunately no determinations were made of the moisture discharged 
by the ‘sisel’ and there is no record of the bodily temperature. 

The nature of the combustion in hibernating animals is not discussed _ 
by any of the previous observers, except Voit and Dubois; their views 
have been already considered in detail. 

The observations made upon dormice and bats by Saissy, Marshall 
Hall, Horwath, Delsaux, Pembrey and Hale White, and Koeninck 
will not be discussed here, for they are from the point of view of meta- 
bolism incomplete. 

It now remains to discuss the graphic records of the respiratory 
movements of hibernating animals. The previous work is that of 
Valentin, Dubois and Patrizi upon marmots and that of Pembrey 
and Pitts upon dormice, hedgehogs and bats. 

The curves obtained by Valentin show the slow and irregular 
breathing which is characteristic of hibernating animals, but several of 
the types of respiration are not represented. Dubois in his valuable 
monograph gives many tracings of the respiratory movements and 
records the deep-sighing respiration which the marmot gives when it is 
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disturbed or is awaking naturally; he maintains, however, that the 
hibernating marmot does not show periodic respiration. This is con- 
tested by Patrizi’. The present curves show a well-marked waxing 
and waning in the respiratory movements (Fig. I. Curve II. and 
Fig. IIL); this “ Cheyne-Stokes, respiration” can often be observed in 
the sleeping marmot, when the hibernation is not profound. In the 
dormouse and bat a similar type of respiration has been recorded by 
Pembrey and Pitts. The explanation of this want of agreement with 
Dubois’ work may possibly be found in the methods used to record the 
respiratory movements; in this research several methods were used, as 
shown by the difference in the magnification of the movements, but the 
best method is the one which requires the least disturbance of the 
animal. When the torpidity is not profound disturbance of the animal 
quickly alters the respiration. 


Summary and Conclusions. 


(i) In the active marmot the respiratory exchange differs somewhat 
from that of another rodent, the rabbit; the discharge of water from 
the lungs is much smaller, and greater variations, 0°72 to 1:39; are seen 
in the respiratory quotient of the former animal. 

(ii) During torpidity the respiratory exchange is small and is 
characterised by the small respiratory quotient 0°53. The sleeping 
animal gains in weight, for although it loses water and carbon dioxide 
it absorbs a greater weight of oxygen. The amount of moisture given 
off is small and relatively to the carbon dioxide discharged it is much 
smaller than in the active animal. 

(iii) The respiratory quotient 0°53 which is observed in the 
hibernating animal is probably to be explained by the combustion 
of fat and the formation of sugar, which is stored up as glycogén in 
the liver and muscles. 

(iv) During the awakening or the passage from torpidity to 
activity there is a great increase in the respiratory exchange and the 
respiratory quotient rises. The discharge of moisture is only slightly 


- augmented and thus the ratio ib is even as high as 16, whereas 
the corresponding figure for the active animal is about 3. 


1 The original paper, Bollettin del? Accademia di Sciense Mediche ¢ Naturali di 
Ferrara, Aprile 27, 1897, cannot be obtained at present. 
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(v) During the awakening there is increased muscular action, 
even violent shivering. The metabolism at this stage is probably the 
conversion of glycogen into sugar and the combustion of the latter 
during muscular contraction; at the same time there appears to be 
a combustion of fat and the formation of more glycogen and sugar. 

(vi) The respiratory movements show in frequency and type a 
relation to the animal’s internal temperature and activity. Periodic 
breathing, Cheyne-Stokes’ respiration, is frequently seen when 
torpidity is not profound. 

(vii) During the stage of most rapid rise in the temperature of the 
awakening marmot shivering is observed, especially in the anterior 
half of the body, and the temperature of the mouth is several degrees 
above that of the rectum. 
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NOTE ON A NEW FORM OF A‘SSTHESIOMETER. By 
J.J. GRAHAM BROWN, MD., F.RC.P. Epin., Assistant 
Physician, Royal Infirmary, Edinburgh. (Three Figures in Text.) 


TaHIs instrument has been constructed in the belief that as the 
appreciation of roughness and smoothness is the main function of the 
tactile sense, so the measurement of the delicacy of that sense ought 
to be performed in terms of its power of appreciating the feeling of 
roughness, 


The instrument is of simple construction, consisting essentially of 
a screw A, in Fig. 1, to be rotated by the milled and graduated head B, 
and pressing at its lower end on the plate C, through which (with the 
aid of a spring D) it governs the upward or downward movement of a 
circular rod of gun-metal £. 
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By the motion of the screw this rod can be projected for any 
measured distance through the smooth, curved, gun-metal surface F, F. 
Although its construction is simple the instrument requires to be 
made with the greatest care and precision, for when the milled head 
of the screw stands at zero the lower end of the rod Z must be so 
accurately on the level of the curved surface F, F, and fit the aperture 
so exactly that that surface feels perfectly smooth when passed over 
the pulp of the index finger. If now the screw be turned downwards 
and the rod be thus made to project it will be found, when the degree 
of the. projection has reached about ‘01 millimetre, that the surface 
begins to feel rough when it is passed over the pulp of the finger. 
At any other part of the body, however, it will still feel perfectly 
smooth, A slightly greater degree of projection is required before the 
roughness can be appreciated on the skin of the palm. Still more is 
required for that of the wrist, and much more for that of the forearm 
and upper arm. 

The plotted chart, Fig. 2, gives a rough and approximate idea of the 
gradation of tactile sense as one proceeds to —e it in the upper 
limb with this instrument. 


Fig. 


In the newer model of the instrument, which is illustrated in Fig. 3, 
the single rod of the former model is replaced by six small rods, Z, £, # 
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(three are shown in the figure), each having a diameter of 1 mm. These 
are projected from the smooth surface F, F, by means of the screw A, 
rotated by the milled and graduated head B. This screw presses upon 
a hard steel surface G, and thereby communicates its downward motion 
to the solid gun-metal plunger, H, H, in which are fixed the six rods, 
three of which H, Z, E are represented in the figure. This plunger 
is kept in accurate contact with the screw by means of the spiral 
spring, D, D, which lies in a deep circular groove cut in its lower 
surface. 


YY, 
VY 


The instrument is capable of being read to a degree of fineness 
corresponding to a projection of the rods of 0025 mm. The fact that 
in this instrument the smooth surface is made rough by the simul- 
taneous and equal projection of six rods (instead of one as in the former 
instrument) renders it more sensitive, The feeling of roughness can 
be appreciated with a very small projection indeed, sometimes with as 
little as ‘004 mm. As an instrument for physiological investigation 
that degree of fineness in the readings is probably sufficient. It is 
certainly so when the esthesiometer is employed for clinical purposes. 
It possesses special advantages for clinical work in its small bulk and 
ready portability, but more particularly in the rapidity with which the 
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delicacy of the tactile sense. at any particular part of the skin can 
be determined. Any lengthened investigation of sensory phenomena 
readily produces exhaustion in the patient, and this exhaustion in its 
turn blunts the tactile sense. It is therefore very advisable to make 
the determination quickly, and this can be done when employing this 
form of zsthesiometer. 

In using the instrument certain precautions are necessary. In the 
first place the temperature of the metal should be as nearly as possible 
that of the skin to which it is to be applied. Any excitation of the 
organs of temperature sense would interfere with the accuracy of the 
results obtained. 

In comparing the relative tactile sensibility at two or more points, 
and indeed when any careful determination is to be made, the observer 
should see that the pressure of the instrument on the skin is in 
each: case as nearly as possible equal, and that the rate with which 
the surface of the instrument is: moved over the skin is approximately 
uniform. The direction of the movement is of some importance. 
Roughness is, I think, rather more easily felt when the sesthesiometer 
is being moved up the skin from the periphere towards the centre. 


When comparisons are being made the motion should therefore be in 


one direction only. 

- The skin is, of course, more easily compressed when it lies close 
to a bone and particularly to a bony ridge or eminence. Such sites 
should be avoided. 

It is very important to see that the skin to be tested is not moist. 
If it is so, the surface of the wsthesiometer is apt to cohere and so 
produce a certain degree of dragging of the skin which interferes with 
pure tactile sensation. It is well known that moistening the skin 
lowers the threshold for pain. Possibly it may also affect the tactile 
sense. The skin should therefore be carefully dried before the instru- 
ment is used. At such parts of the skin as require considerable pro- 
jection of the rods before tactile sensation is produced the instrument 
is very apt to cause dragging. The skin at such points should be 
slightly oiled before the instrument is applied. It need hardly be said 
that the presence of hairs on the skin interferes with the accuracy 
of the readings, and therefore determinations should be made on 


comparatively hairless parts. 
' The instrument has been made for me with great care by Mr A. H. 
Baird, Scientific Instrument-maker, 33 Lothian Street, Edinburgh. 
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THE BENZOYLATION OF ALKAPTON URINE. By 
K. J: P. ORTON anp ARCHIBALD E. GARROD. 


In a paper on the excretion of diamines in cystinuria, by P. J. Cam- 
midge and one of us’, it was mentioned that when the process of. 
benzoylation, recommended by Udranszky and Baumann? for the 
detection of cadaverine and putrescine in urine, was applied to that of 
an alkaptonuric patient a product was formed which, like the benzoyl 
compounds of the diamines, was precipitated when a hot alcoholic 
extract of the precipitate was allowed to fall into an excess of water. 
No such product was obtained when an aqueous solution of homogentisic 
acid was similarly treated, but it was formed by the benzoylation of 
ordinary urine to which that acid had been added. As then obtained 
the substance was crystalline, melted at 196°—198° C. and was set 
_ to contain nitrogen. 

We have recently undertaken a further biveitighAion of the prodnct 
in question, and the results of this investigation are embodied in the 
present communication. The materials employed were the urine of 
the same alkaptonuric child, and the lead salt of homogentisic acid 
prepared therefrom. 

Method of preparation. A litre of the alkapton urine was shaken 
with 15 c.c. of benzoyl chloride and 150 c.c. of a 10 °%/, solution of 
_ sodium hydroxide. The sodium hydroxide was added in instalments, 
in such a way that an alkaline reaction was maintained, whereas 
excessive alkalinity was avoided. The shaking was continued until 
the odour of benzoyl chloride was completely lost, in the course of 
which process the liquid became quite black, owing to the oxidation 
of some of the contained homogentisic acid. The precipitate formed, 
which consisted, in part, of earthy phosphates, was collected upon a 
filter, washed with water until the washings were colourless, and 


1 Pp, J. Cammidge and A. E. Garrod. Journal of Pathology and Bacteriology, 
vi. p. 327. 1900. 
Zeitschr. f. physiol. Chemie, xu. p. 562. 1889. 
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when dry was repeatedly extracted with boiling alcohol. The hot 
alcoholic extract was allowed to run, through a warmed filter, into 
excess of water, when a dense, white, flocculent precipitate was im- . 
mediately formed in the more or less milky fluid. This was collected 


- upon a filter, redissolved in alcohol ahd the solution was again thrown 


into water. After this second separation in water the precipitate was 
again dissolved in boiling alcohol, and, as the alcohol cooled, the 
product separated in crystalline form, and after several recrystallisations 
from hot alcohol, was obtained in the form of fine colourless needles. 
The preliminary precipitation from water facilitated the obtaining of 
a pure product, by removing a which interfere with the 
crystallisation from alcohol. 

In the above manner we were able to obtain nearly a gramme of 
the pure product from 1700 c.c. of the alkapton urine. 

The nature and constitution of the product. Further investigation 
showed that the substance so obtained is the amide of dibenzoyl- 
homogentisie acid, the relation of which to homogentisic acid is s shown 
by the following formulz : 


Homogentisic acid Dib tisi Dib 4 ti 
acid, 


CH,.CO.0H ‘CH,.0O.0H CO. NH, 
OH 0.C0.0,H, 0.00.0,H, 
HO 0,H,.CO.0 C,H,.CO.0 


Analyses of the product gave the following results : 


I. 0:2124 gram yielded 05501 grm. CO, and 0-0895 grm. H,O. 
Il, 01092 ,, ,, 40¢.¢. of moist N at 19° and 754 mm. 
01210 ,, » 20°5° and 765 mm. 


Calculated for 

I I Ill 
C= 74 70°63 
H = 4°68 
N= 373 — 4°19 3°91 


From it we were able to obtain dibenzoyl-homogentisic site and to 
reconvert this acid into the original amide. 
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Properties of dibenzoyl-homogentisamide. This substance crystallises 
from alcohol in colourless needles, which are often flattened, and which 


CH,.CO.NH, 
0.00.0,H, 


0,H,.C0.0 


melt at 204° C. without showing any signs of decomposition. In cold 
alcohol the amide is almost insoluble, but it dissolves fairly readily in 
hot alcohol. It is but little soluble in benzene, chloroform, or ether; 
readily in. cold glacial acetic acid. Boiling aqueous solutions of alkalis 
decompose it very slowly, with evolution of ammonia, but with alcoholic 
solutions of alkalis the action is rapid. In either case the dibenzoyl- 
homogentisic acid formed is rapidly hydrolysed by the alkali. After 
being heated for many hours with concentrated aqueous hydrochloric 
acid the amide is practically unchanged, but on boiling with alcoholic 
solutions of hydrochloric or sulphuric acid the odour of ethyl benzoate 
becomes obvious, and on adding water a solid substance separates 
which is neutral in reaction, and after being crystallised from petroleum 
(B. P. 50—80°) melts at 120° C., which is the melting-point of ethyl 
homogentisate. 

In concentrated sulphuric acid the amide promptly dissolves and is 
readily decomposed. On pouring the acid solution on to ice benzoic 
acid crystallises out, and the liquid has all the properties of a solution 
of homogentisic acid, including the reduction of Fehling’s solution. 
On the other hand we have obtained dibenzoyl-homogentisic acid by 
the action of nitric acid, saturated with nitrous acid, upon the amide. 

Preparation of dibenzoyl-homogentisamide by benzoylation of am- 
moniacal solutions of homogentisic acid. It was found that not’only 
was the amide formed by the benzoylation of ordinary urine to which 
homogentisic acid had been added, but also by the like treatment of 
solutions of homogentisic acid with ammonia or ammonium carbonate. 
The product so obtained melted at 203° C. and was identical in all its 
properties with that got directly from the alkapton urine. The identity 
was further shown by the results of analysis. 


01053 gram yielded 0-2588 grm. CO, and 0-0433 grm. H,O. 
C = 70-37 and H = 4-79 
The formula C,,H,,0,N requires = 704°), and H = 453°). 
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This method of preparation shows that ammonia is necessary for 
the formation of the substance, and the benzoylation of other sub- 
stituted phenyl-acetic acids-(such as para-intro-phenyl-acetic acid) in 
the presence of ammonia always leads to the formation of considerable 
quantities of the corresponding amides. 


CH,.CO.0H 
0.00.0,H; 


0,H,.00.0 


Dibenzoyl-homogentisic acid. This acid is readily obtained from 
dibenzoyl-homogentisamide in the following manner—0'5 gram of 
the amide is added to 5 c.c. of nitric acid (sp. gr. 14) saturated with 
nitrous acid'; the mixture is cautiously warmed on the water-bath for 
one minute. Nitrogen is rapidly evolved, and the reaction is ended 
when the whole of the amide has gone into solution. The hot acid 
solution is then immediately poured on to about 30 grammes of ice. 


: Practically pure dibenzoyl-homogentisic acid separates, melting at 178°. 


It is best recrystallised from 50 °/, alcohol, from which it — in 
short needles which melt at 179°—180° C. 


0:1448 gram yielded. 0°3704 grm. CO, and 00570 grm. HO. 


Calculated for 

Found 
C = 70-21 69:75 °/, 
H = 4-25 4-30 ,, 


The acid is readily soluble in alcohol, ether, benzene and chloroform, 
but is almost insoluble in water and in petroleum. Its alkaline 
solutions darken on exposure to air and reduce Fehling’s solution on 
warming. On boiling with alcoholic solutions of acids ethyl benzoate 
is formed, and a neutral substance, melting at 120°, which is probably 
ethyl-homogentisate. 

When the acid is treated with benzoyl chloride and a 10 */, solution 
of sodium hydroxide, in the presence of ammonia, dibenzoyl-homo- 
gentisamide is again formed, melting at 203° and possessing all the 
characteristic properties of that compound. Several attempts were 


1 This is best effected by adding a few crystals of sodium nitrite to the nitric acid, 
and then pouring off the liquid from the sodium nitrate formed. 
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made to prepare dibenzoyl-homogentisic acid directly from homogentisic 
acid, but without success. This acid could not. be obtained either by 
benzoylating by the Schotten-Baumann method, or by prolonged 
heating, at 140°, of a mixture of homogentisic acid and benzoyl 
chloride. 

Preparation of homogentisic acid from its lead salt. In the prepara- 
tion of the free homogentisic acid required for the above investigations 
a method was employed which has considerable advantages over those 
previously made use of by Wolkow and Baumann! and by Huppert, 


respectively. 


Both these processes involve the evaporation of dilute solutions of | 


the acid, set free by the action of hydrogen sulphide upon the lead 
salt suspended in cold or dissolved in hot water. Not only are the 
processes very lengthy, but some loss of homogentisic acid is unavoid- 
able; whereas the following plan will be found to be convenient and to 
give a quantitative yield of the pure acid. 

Five grams of the very finely powdered, hydrated lead salt are 
covered with 50 c.c. of ether, through which a current of hydrogen 
sulphide is passed. The salt: is rapidly decomposed, and sufficient heat 
is developed to cause the ether to boil. After filtering from the lead 
sulphide formed, the ether is evaporated, leaving colourless stellar 
aggregates of crystals of the acid, which when so prepared melts at 
152° C. 

An additional means of detecting the presence of homogentisic acid 
tn urine. The formation in so simple a manner of a substance having 
such distinctive properties as are possessed by dibenzoyl-homogen- 
tisamide, provides an additional and valuable means of detecting the 
presence of homogentisic acid in urine. The substance can be readily 
prepared in crystalline form and may be recognised by, its melting-point 
and other characters. 


CONCLUSIONS. 


1. In the benzoylation of alkapton urine with benzoyl chloride 
and sodium hydroxide a product is formed which is at once thrown 
down when a hot alcoholic extract of the precipitate is poured into 
water. 


1 Zeitschr. f. physiol. Chemie, xv. p. 228. 1891. 
2 Deutsches Archiv f, klin. Med., uxtv. (Festschrift), p. 129. 1900. 
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_ 2. Ine pure state this product crystallises in colourless needles 
which melt at 204° C. 

3. It may also be prepared by the benzoylation in a similar 
manner of a solution of homogentisic acid, in the presence of ammonia. 

4, The product in question is the amide of dibenzoyl-homogentisic 
acid. 

5. From it dibenzoyl-homogentisic acid may be obtained by the 
action of nitric acid saturated with nitrous acid. 

6. When this acid is treated with benzoyl-chloride and a solution 
of sodium hydroxide, in the presence of ammonia, cibesay/-nemegen- 
tisamide is again obtained. 

7. The formation of this substance, the properties of which are 
characteristic, supplies a useful addition to the means at our disposal, 
for the detection of the presence of homogentisic acid in urine. 
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THE ELECTRICAL RESPONSE OF MUSCLE IN DIF- 
FERENT KINDS. OF PERSISTENT CONTRACTION. 
By FLORENCE BUCHANAN, BSc. (Lond.). (Plates II. 
to IX. and one Figure in Text.) 


(From the Physiological Laboratory of the University of Oxford.) 
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THE electrical response of muscle when thrown into a persistent 
contraction either by the application of a series of rapidly repeated 
induction currents, by the make or break of a constant current through 
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its nerve, or by reflex excitation, has been studied in three ways :— 
(1) by the physiological rheoscope, (2) by the sound transmitted to a 
telephone, and (3) by the capillary electrometer. The response in 
normal voluntary contraction has also been investigated by the first 
two of these methods. 

(1) . The rheoscopic limb of a frog merely serves to show what kind 
of mechanical response the electrical response of the muscle under 
investigation gives rise to. It gives much less information with regard 
to the nature of the electrical response itself than can be obtained by 
either of the other two methods, 

(2) The sound which the electrical response produces has been 
listened to in frog’s muscle artificially tetanised by Bernstein and 
Schénlein' and by Wedenskii* They have described it both in 
frog and mammalian muscle excited by induction currents of different 
frequencies. Bernstein and Schénlein have also heard it in rabbit's 
muscle in strychnine-spasm, and Wedenskii in frog’s and mammalian 
muscle in other spasms of central origin also, while v. Frey* has 
listened to and described it in frog’s muscle the nerve of which was 
excited by the make of a constant current. The sound of the me- 
chanical response, which Wedenskii (1891, p. 63) says coincides with 
that of the electrical response, has been well described in mammalian 
muscle excited by currents of high frequencies by Helmholtz‘, 
Bernstein’, Kronecker and Stirling’, Lovén’, and Stern’, and by 
Bernstein also in muscle the nerve of which was chemically excited. 
It has not apparently been heard in frog’s muscle, Lovén especially 
stating that he had tried to hear it in such muscle without success. — 
To hear the sound at all is not however an easy matter and it cannot 
be put on record except in words. There is moreover always the 
possibility of the resonance of the ear interfering with what is heard. 

(3) The capillary electrometer, which has also been used for the 
purpose of studying different kinds of persistent contraction by Lovén’, 


1 Bernstein and Schénlein. S.B. Ges. Halle, p. 20. 1881. 
2 Wedenskiij. Archiv f. (Anat. u.) Physiol. 1883, P. $13, and Archives de physiol, 
norm. path, 1891, p. 59, and p. 253. 
3 y, Frey. Archip f. (Anat..u.) Physiol. 1883, p. 55. 
4 Helmholtz. Wéissensch. Abh. 1. p. 928. 1866. 
5 Bernstein. Archiv f. d. ges. Physiol. xt. p. 198. 1875. 
' 6 Kronecker and Stirling. Archiv f. (Anat. u.) Physiol. 1878, p, 19. 
7 Lovén, Archiv f. (Anat. u.) Physiol. 1881, p. 363. 
8 Stern. Archiv f. d. ges. Physiol. uxxxn. p. 42. 1890, 
® Lovén. Centralbl. med. Wissensch. 1881, p. 113. 
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Markie v. Frey’, and v. Kries*, does not give so much information 
as the telephone with regard to the electrical response so long as the 
excursions of the meniscus are observed only, but by means of the 
method of recording the excursions on a rapidly moving photographic 
plate, information of a very definite character can be obtained and 
permanently recorded. This method has been but little used hitherto 
for investigating the nature of the different kinds of persistent con- 
traction‘. It is proposed here to reproduce some of the photographic 
records, and state the results obtained from measurements of others, of 
the electrical response of froy’s muscle excited (i) by alternating 
induction currents of different frequencies, applied either to the muscle 
itself or to its nerve : (ii) by the break of an ascending galvanic current 
through its nerve: (iii) reflexly, by the application of a single induction . 
shock to the skin of a frog whose spinal cord has been rendered 
abnormally excitable by the injection of a minute dose of strychnine: 
(iv) directly or indirectly by a single induction shock after the muscle 
has been acted upon by an extremely weak dose of veratrine. It is 
hoped that later similar records may be given taken with mammalian 
muscle and also with muscle contracting in response to its means 
stimulus of central origin where no drug has been used. 


I. THE ELECTRICAL RESPONSE OF MUSCLE, EXCITED DIRECTLY OR 
INDIRECTLY BY ALTERNATING INDUCTION CURRENTS OF DIFFERENT 
FREQUENCIES. 


The exciting apparatus chiefly employed in these experiments is 
that recommended by Roth* on account of the readiness with which 
induction currents of high frequencies and great regularity can be 


1 Martius, Archiv f. (Anat. u.) Physiol. 1883, p. 583. The paper. includes an 
excellent summary of observations and conclusions of earlier writers on the subject of 
persistent contraction. The observations of Martius himself were made with muscles 
excited by comparatively low frequencies and observed by the stroboscopic method, so that 
no permanent records were obtained. 

2 vy. Frey. loc. cit. 

% vy. Kries. Archiv f. (Anat, u.) Physiol. 1895, p. 130, 

4 v. Kries (loc. cit.) alone has used it for this purpose, but the only records he gives 
are of the electrical response of muscle in strychnine-spasm taken on very slowly moving 
plates. He mentions that he has obtained them with muscles excited by a tuning-fork 
giving 80 d.v. per second, the muscle so excited responding when fresh in a rhythm of 
60 per second. 

5 Roth. Archiv f. d. ges. Physiol. xu1t. p, 91, 1888. 
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produced, and their frequency varied. It is the Blake telephone 
transmitter, of which the construction is shown in Fig. 1. 


Fig. 1. Section of Blake’s transmitter, a. Mouthpiece 
to wooden frame H which carries an iron ring on its 
inner side. c. Two-armed metal rail held in position 
by the brass plate m attached to a support 6 and with it: 
other end adjustable by the screw n which is in another 
support b. i, Insulated piece on the short arm of 
rail ¢ to which a thin flexible steel spring f with a 
platinum contact at its extremity is screwed. g. Flat 
spring coated with gum connected to the non-insulated 
part of the short arm of rail c and bearing a small brass 
plate p to which is attached a small carbon disc k. 
e iron diaphragm behind the mouthpiece a held in position 
by an india-rubber ring and springs which cannot be 
shown in section'. 


In the primary circuit was the one Daniell used as the source of 
EMF., the primary coil which, together with the secondary coil, lies 
in the box behind the part of the transmitter figured, the brass plate m, 
the upper part of rail c, the spring g, the brass plate p, the carbon 
disc k, and the platinum contact of spring f When the diaphragm e 
is thrown into vibration the vibrations are transferred to spring f so 
that the platinum contact presses more or less strongly against the 
carbon face of the plate p. The exciting needles are in the secondary 
or line circuit, Tuning-forks of known vibration rates, or whistles 
the pitches of which could be easily determined, were sounded in front 
of the transmitter. 

The preparation used was always, unless otherwise stated, the 
sartorius muscle of Rana temporaria prepared and arranged in the way 
described in a former paper’, sometimes fresh and sometimes after 
keeping for a few hours or days in 0°6°/, salt solution. The fibres were 
always ligatured as tightly as could be near the tibial end in order that 
the part beyond the ligature might not be excited. Usually only one 
muscle of each frog was used. To excite the muscle indirectly the 
exciting needles were always placed on the sciatic plexus; to excite it 
directly they were placed opposite one another at the upper end of the 

1 This figure and the description of it taken from Preece and Maier’s book are: The 


Telephone, p. 70, 1889 (George Bell and Sons). 
2? Burdon-Sanderson. This Journal, xxm1. p. 330, 1898. 
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‘ muscle, The secondary circuit was so arranged that the current could 
either be led through the preparation or through a key which was 
broken by the carrier! of the photographic plate when it passed the 
slit. “This key was closed while the whistle or fork was first sounded 
in front of the transmitter, the carrier was then allowed to swing, and 
so soon as it broke the short-circuiting key the induction currents 
acted upon the muscle. The non-polarisable electrodes leading to the 
capillary electrometer were tied the one on to the sound surface of the 
muscle at or close to the hilus, the other to the distal end of the muscle 
beyond the tight ligature. What was being investigated therefore was 
what took place in about 2mm, of muscle near the hilus. 

The rate of stimulation required to produce a complete tetanus in 
the skeletal muscles of the frog is usually stated to be 30 per second. 
When excited by a series of stimuli of this, or any greater® frequency 
the muscle responds by a perfectly steady prolonged contraction. We 
have to enquire in how far the electrical’concomitant of such contrac- 
tion indicates the nature of the stimulus producing it, and, where it 
fails to indicate it, in what the failure consists and to what physical or 
physiological conditions the failure is due. We will begin by giving 
the results with low frequencies. 

_ When a fork giving 50 double vibrations per second is sounded 
in front of the transmitter the frequency of excitation is usually 
indicated in the photographic record of the electrical response of the 
muscle, t.¢. there is usually a rhythm in the response which is syn-— 
chronous with that of the sound producing it. Examples of this are 
given in two photographs reproduced on Plate II. Ph. 1 was taken 
with a sartorius (No. 10 of Table A.) at 13°C. after being kept for a 
few hours in 0°6°/, salt solution, and excited indirectly. It will be seen 
that there are a series of undulations on the curve, each having the 
character of the curve of a single monophasic variation; by drawing 
radial lines from the beginning of each undulation to the toothed line 

1 Called a “ pendulum” in an earlier paper by Burdon-Sanderson, in this Journal, 
xvi. p. 128. 1895. 


2 v, Kries (Ber. naturf. Ges. Freiburg, vim. p. 170. 1882), and Wedenskii (Arch. de 
physiol, norm. path, (5) 11. p. 692. 1891) have shown that there is a certain relation 
between the strength of current and frequency of excitation applied to motor nerve most 
favourable for producing a mechanical response in muscle. Whether or not there is such 
a relation influencing the electrical response remains to be determined. In the experiments 
here recorded the strength of the current was not altered except in certain experiments 
described on p. 185. Roth (loc. cit. p. 95) shows that the arrangement of the coils of 
the transmitter is such that the effect of each induction shock is maximal with a certain 
B.M.F. The one Daniell used would appear to be sufficient for this (see p. 135.) 
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seen at the top of the photograph which represents the shadow of one 
_of the prongs of a fork giving about 500 (more strictly 495) double 
vibrations per second, it will be found that the duration of each undu- 
lation is one-fiftieth of a second. For making the measurements the 
photographic plate is so placed on the carrier B figured some years 
ago in a paper by Sir John Burdon-Sanderson' that it is at the 
same distance from the pivot or axis of rotation as it was from the 
pivot of the carrier used when the photograph was taken. Fourteen 
muscles were stimulated by the sound of this fork, and the intervals 
between each two successive separate electrical responses, as indicated 
by the durations of the undulations on the. photographic curves, 
have been measured. The results of the measurements are given in 
the following table, in which, for more convenient comparison with the 
results obtained by other frequencies of stimulation, the intervals are 
given in thousandths of a second, the interval between two successive 
teeth of the time-recording fork being regarded as two-thousandths of a 
second although it is strictly two, nine-hundred-and-ninetieths of a 
second. A response synchronous with the sound producing it would 
be indicated by undulations of 20 thousandths sec. duration ; a response 
of half the frequency by undulations of 40 thousandths sec. duration, © 
and of double the frequency by those of 10 thousandths sec. duration, 
and so on. When the intervals were not all of the same duration, the 
number of times of occurrence of each is given in the succeeding 
column, and beside each number is given in brackets the greatest 
number of times that the interval occurs in succession anywhere on 
one plate. The number and average durations of intervals which do 
not occur more than once or twice, usually such as bear no numerical 
relation to the periods of the excitor (Reizgeber), and which occur most 
frequently near the beginning of a response are given in the two next 
following columns. Each photographic plate records what took place 
in about the first quarter of a second after the muscle began to be 
stimulated’. The number of times the muscle was stimulated, i.e. the 
number of photographs taken under the same conditions, is indicated in 
the penultimate column, whilst the ordinal numbers of the particular 
photographs measured are given in the last column, since it frequently 


1 Burdon-Sanderson. This Journal, xvmt. p. 130, Fig. 8. 1895. 

2 Any number of thousandths of a second up to 20 might elapse after the breaking of 
the key before the muscle began to be excited; also an undulation not completed at the 
end of a plate could not be measured. For this reason there is often as much as a fifth of 
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happened that the same muscle was stimulated by currents of different 
frequencies, and the question as to how far previous stimulation and 
consequent fatigue may influence the results will have to be considered. 
When for any part of the time that the plate was passing no undula- 
tions at all were distinguishable on the photographic curve, this is | 
signified by a dagger (fT) after the number of the last photograph. 
An asterisk (*) signifies that the photograph is ee on one of 
the Plates at the end of the paper. 


Taste A (50 d.v. per second). 


Intervals in thousandths of a second Number 


Mode Temp. of Most Number Number Their 
Sart. Frog! ornot tation preparation aie intervals occurrence intervals tion graphs periment 
F, 84 (i) c. dir. 11°C. 20 25 2 8&4 
$8 F.2%4Ae dir. 14° 20 12 
4 F.32 dir. 12° {40 5 482 2 1482 
6 ¥F.25 dir. 10° 40 6 1 1 
7 F.26 10° 40 6 
19° 20 24 (12) 2 200 2 8é&ll 
8 F.31() ind. fresh 12% 00 
18-20+ 
9° 20 10 
9 F.85e ind. fresh 11° 20 82 (18) 1 24. 
10 F.28 n, ind. hrs. 18° 20 20 (12) 4 192 2 1*%¢2 
20 
ge 40 7 (4) 2 
60 2 
15 5 
ll F. 30 n, ind. Ilday 10° 26 (19) 
15 4 
g° 20 12 (4) 7 #190 &- 4&6 
25 5 
63° 20 24 
20 5 (4 
6° ats 4 296 8 
10° 15 6 (2 11 127 2 9&10 
(20 5 (2 
10 10 (2 é 
16° {4 7 96 
10 
{30 
20 
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umber measur- Their 
Sart. Frog ornot tation tion graphs periment 
0 2 (2) 
10° 116,90 & 25 tot 
9 20 10(10) 8 190 16 
15 6 (2) 
g 120 3 10 241 2 17818 
30 4 
12 F.81(ii) ind, day 12° {30 6 we 
15 4 (2) 
1-6° {x 96 (12) | 10 174 8 24 
25 8 
19-17 0 8 16 8 5&7 
1° 24 
18 F. 24 n, ind. Iday 14° 20 11 — 
20 4 (3) 
60&100 1 
10 
14 F.38 n, ind, 12° 6 185 2 ‘1&2 
15,25&35 1 each 
10 8 (8 
{20 


The sartorius muscles of-77 frogs 24 4—76) were used for investigating 


the electrical response resulting from excitation with currents of different frequencies. In 
this column the number of the frog used for each particular observation is given, in order 
that the reader may be able to identify the same muscle in the different tables, and also 
that he may be informed of the time of year at which the experiments were made. Frogs 
1—10 were used in November and December, 1899, frogs 11—85 in January to March, 
1900, frogs 36—42 in April to June, 43—47 in July, 48—76 in September to November, 
1900. The photographs taken with four of the 77 frogs (F. 2, 3, 27 and 89) only have 
been discarded as valueless for measuring purposes. When the two muscles of the same 
frog were used the (i) denotes the first used (usually the right), and (ii) the second. The 
frogs were all R. temporaria with the exception of those marked ‘‘e” which were R. 
esculenta. The muscles of several of the frogs 48—76 were excited by the sounds of 
tuning-forks, all of which were made to vibrate mechanically. The tuning-forks used to 
excite muscles previously were set going electrically, © 

2 Plate II., Ph. 1. Pi. iL, Ph. ‘PL Pa. 

5 Pl. IL, Ph. 4. * Pi, iL, Ph. 6. 


The table shows that 12 out of the 14 muscles gave a synchronous 
response, at temperatures varying from 7—19°C., some of the muscles 
being fresh and others having been kept in 0°6°/, salt solution for a few 
hours or days, some of them curarised and some not. One of these 
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(No, 7) did not give a synchronous response when it was first stimulated 
at 10°C., but gave one of half the frequency. It was only on raising 
its temperature to 19°C. that the response became synchronous, In 
No. 6 also the frequency of the response was only half that of the sound 
at 10°C., and the temperature in this experiment was not raised. The 
effect. of cooling a muscle‘which at ordinary room temperature gives 
a synchronous electrical response appears to be to prevent it from 
responding separately to every double vibration of the sound. It 
responds instead to every 2nd, sometimes only to every 3rd, 4th, or 
5th d: v., 2e. the undulations become in part if not wholly twice as long, © 
and on further cooling may become 3, 4, or 5 times as long as they 
were originally, or their duration, while still bearing a numerical rela- 
tion to that of the sound vibrations, may be some less direct multiple 
of it, The temperature at which the response ceases to be-synchronous 
and the half or lower frequency is assumed, is however different in 
different muscles. Ph. 2 on Pl. II. was taken with the same muscle 
(No. 10) as Ph. 1 after cooling the chamber in which it was contained 
to 8°C. It will be seen that 5 of the double vibrations of the fork 
failed to produce separate electrical responses in the muscle. Another 
muscle (No. 13) gave a similar result on cooling from 14°C. to 10°C., 
whilst other muscles (Nos, 11 and 12) gave synchronous responses even 
at 6°C. After the frequency has been reduced by cold, it can be made — 
synchronous again by warming the muscle back to, or beyond, its 
original temperature (Nos. 7, 11, 12). When on the other hand a 
muscle of which the photographic curve exhibits synchronous undula- 
tions is warmed it usually shows as a consequence of warming undulations 
of double the frequency, i.e. it seems to become capable of responding 
to each single vibration of the fork producing the sound. Ph. 3 was 
taken with muscle No, 11 at 64° C. and exhibits a synchronous response 
(50 per sec.). Ph. 4 was taken with the same muscle after warming it 
to 16°C. and shows that immediately after excitation the periods of 
the response were twice as frequent, though afterwards some of them 
were synchronous, while Ph. 5, which was taken with the same muscle 
at 20°C., exhibits undulations which show that for the greater part of 
the time the plate was passing separate responses occurred with a 
frequency of 100 per sec. On cooling the muscle again the response 
did not become regularly synchronous until the temperature had been 
brought down to 9°C. Curves taken at intermediate temperatures 
show undulations whose durations vary though they mostly bear some 
numerical relation to the periods of the exciting source. In another 
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104 F. BUCHANAN. 
muscle (No. 12) the frequency did not’ begin to be doubled until the 


_ temperature had been raised to 21°C. In another (No. 14) it was _ 


doubled, ie. the undulations were for the most part of 0°010 sec. 
duration, even at 11°C., but in photographs taken with this muscle 
there were periods of about 8-hundredths of a second duration at — 
intervals, showing no trace of undulations at all although the general 
curve (Gesammicurve) had its usual form. The same is true, though 
for shorter periods, with regard to curves taken with Nos. 8 and 9. 
_ As the table shows, the intervals between separate responses even 
when still bearing a numerical relation to the period of the sound- 
vibrations are not always direct multiples or divisors of it, .e. undulations 
of 15 and 25-thousandths of a second sometimes occur on the photo- 
graphic curves. Bernstein and Schénlein long ago (I. c., footnote to 
p. 26) pointed out that separate make and break stimuli are distin- 
guishable in each single induction shock, and that one might expect 
four effectual stimuli to each double vibration when the make-shocks 
are of sufficiently long duration. This is apparently what has happened 
in the cases alluded to. | 
When a. fork giving 100 double vibrations per second is sounded 
in front of the transmitter the photographic records give evidence that 
in the excited muscle the electrical response is again usually synchronous. 
This occurred with more or less regularity in 14 out of 22 muscles so 
excited, namely, in Nos. 1—5, 9, 11, 14-20 of Table B, at temperatures 


varying from 7°C. (No. 1) to 25°C. (No..16). A curve taken with — 


No. 15, in which the undulations are all of 0°01 sec. duration with the 
exception of four near the beginning which are of only half that duration, 
is shown in Ph. 6. When the response is not synchronous it is such 
that it either presents another rhythm whose periods bear a numerical 
relation to those of the sound as in Nos. 6 and 21, or while still 
periodical it is no longer rhythmical as in Nos. 10 and 13, or there is no 
indication of the discontinuity of the excitation at all as in Nos. 7, 8, 
12 and 22. The two muscles, Nos. 6 and 21, gave separate responses 
fairly regularly to every alternate d. v. at 11°C. and 13°C. respectively. 
Other muscles gave indications of such half rhythm on cooling only, the 
best example being No. 9, which at 7° C., after the first few hundredths 
of a second, responded in a 50 per sec. rhythm for the rest of the time 
the plate was passing. Some muscles (¢.g. No, 21) responded in a still 
slower rhythm at low temperatures, 1.¢e. only at intervals of 24, 3, or 
4 d.v. Two muscles, Nos. 5 and 19, gave on the other hand separate 
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TaBLE B (100 d.v. per second), 
A fork giving 100 d.v. per second would give 1 d.v. every 10-thousandth of a 
second, &c. 
j Intervals in thousandths of a second ee 
1 c. dir. 12°C. 10 
6 (2) | 
15,380&40 leach 
10 7(7 
10 8 (4) | 
2 F.52(i) c. dir. 14° {i 3 2 160 tit 
15 & 20 2 each 
i912) 2 75 #1 
8 F.65 c. dir. 14° {90 
15° {30 — 
5 F.66(ii) dir. 14° {10 10 
6 F.84(i) dir. U° 20 14 
7 ¥F.22(ii) «. dir. Sdays 165° — — 2 
8 F,28(ii) «. dir. 5days 15° — 2 
{5 
{5 2 180 2 8&4t 
93(28) 1 #80 1 7 
10 F.55(ii) nm. dir. Qhra 18 #18418 Seah 9 168 1 1 
ll F.67 n. ind. fresh 16° {10 . 
5 
a {5 
{10 
12 F.85e ind. fresh 11° 20 16? | 
20 10? 
(8 6 (8) 
18 F.51() ind. tbr. 12 { Sasa 8 180 2 188 
15&20 8 each 
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Curarised 
Frog ornot tation 


Mode 


F.61(ii) mn. ind. 

ind. 
F.68(i) ind. 
F.68 (ii) ind, 
F.69(i) ind. 

21 F.28 n. ind. 
F, 83 DR. ind, 

1 Pl, IIL, Ph. 7. 
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preparation 

1§° 

16° 

lghrs, 14° 

21° 

1 hr, 17° 

8° 

27° 

ljhrs. 18° 

25° 

1ghrs, 18° 

15°-19° 

2 hrs, 15° 
3 hrs, 14°C. 

2hhrs. 13° 

8° 

1 day 12° 


2 Pl. IL; Ph. 6. 


* Pl. VI., Ph. 30, see p, 18, 
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78 


8°0 


Pl. Ill., Ph. 8. 
PL Ph. 81, see p. 18. 
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‘ Intervals in thousandths of a second Number 

a of Most Number Number Their measur- Their 

i times of “dare. shots. in ex- 

40 2 7 19°4 1 1l 

10 12 (5) 8 2 
5,7&10 6 each 

| 40,70&80 leach — 

5 16 (3) #2 

| 38 (90) 10 78 8 1-8*%4 

10 & 50 2 each 

7 20 2 4&5+ 

: 

| 11 (8) 

18 (3) 2 6&7 

5 

| owes 1 3+ 

4 (4 

5 (2) 

5 

| 30 (12) 1&2 

| 7 6 || 4 y 

(3) 4 & 5t 

| 3 

4 (2 

8 (5 4 102 2 1&2 

| 2 

| 28 (14) 

| 80 (6) 9 98 38 1-8 

| 4 

| 24 4 (2) 

4 5 12 (5) 

10 60 (18) 1, 

20 4 

| 25 1 

| 10 19 (4) 

2 20 15 (4) 

30 4 

1 5 5 (2 

10 10 (8 — 

| 15 6 

10&15  2each 

I 20 25 (9) 

40&50 leach 

iq 10 & 20 1 each 

25 8 (2) 4 22 2 

30 10 (3) 

10 4 2 


ELECTRICAL RESPONSE OF MUSCLE. 107 — 


responses to every single vibration for periods of 13’ and 7-hundredths 
of a second respectively, when at about 15°C. and others did so for 
periods of about one-hundredth of a second at a time at temperatures 
above 13° C., as the table shows, Cooling such muscles had the effcet 
of preventing them from giving separate responses at such short 
intervals of time (eg. Nos. 4 and 15), and another muscle (No. 14) 
giving indications of this high frequency of response only did so after 
its temperature had been raised. Only one muscle gave indications of 
a still briefer interval between two separate responses; this was in the 
first photograph taken with a muscle at 14°C. (No. 20). Of the two 
muscles. whose responses although periodical gave practically no indica- 
tion of the rhythm of the excitor, one, No. 10, responded in a frequency 
entirely its own, while the other, No, 13, which was excited several 
times at different temperatures, did occasionally give such intervals 
between the separate responses as bore a numerical relation to the 
period of the excitor. In the responses of muscle No. 2 also, although 
most of the intervals indicated a relation to the sound-vibrations these 
succeeded one another with so little regularity when the muscle was 
first excited at 14°C. that no inference could have been drawn from 
them as to the pitch of the sound. It was only afterwards on warming 
the muscle to 19°C, that the response became regular and synchronous. 

Amongst the four muscles the electrical responses of which did not 
even indicate that the stimulus was a discontinuous one, were three, 
those of Frogs 23, 35, and 33, which gave rhythmical responses, two 
of them very well-defined synchronous ones, when excited by the 
sound of the 50 fork. Although there were traces of periodicity in 
the responses of muscle No. 12 the first few times it was excited by 
the 100 fork, such undulations as indicated it were very indistinct and 
the curves were very nearly smooth ones’; also the undulations of 


1 No. 5 would perhaps have continued to do so for a longer period as it was still 
responding with a frequency of 200 per sec, at the end of the time occupied by the 
passing of the plate. 

2? What rhythm there was, was the same as that in response to excitation by the 
50 fork. That this is no necessary consequence of the previous excitation is shown, not 
only by the electrical response of muscle No. 22 which had also been previously excited by 
the 50 fork, but also by special experiments made for the purpose with Frogs 81 and 72. 
The first sartorius of Frog 31 after being excited 8 times in succession by the 50 fork and 
giving a very regular synchronous response each time, failed to give any indication of this 
or any other frequency in the response when subsequently excited by other sounds (see 
Table G, No. 21). The same was true with the sartorius of Frog 72 after being excited 


11 times in succession by the vibrator of an induction coil giving about 50 stimuli per 
sec, (see Table D, No. 8). 
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0010 sec. duration on the curves taken with muscle No. 22 were not 
more than two in number and were only at the very beginning of 
each response. Photographs taken with several of the other muscles 
(all those followed by a + in the last column of the table) show that 
there were periods of some few hundredths of a second duration during 
each first quarter of a second for which the response was recorded in 
which there was nothing to indicate that the excitation was discon- 
tinuous, and that in three, Nos. 11, 15, and 18, in which the response 
was periodical as indicated by clearly visible ‘undulations, at some 
temperatures, these were almost, if not entirely, absent in curves taken 
with the same muscles warmed respectively to 21° C., 27°C. and 15°C. 
On Plate III. two photographs of what after the first few hundredths of 
a second appear to be perfectly steady and unvarying responses of — 
muscles excited by the sound of the 100 fork are reproduced. The 
curarised sartorius, No, 8, with which Ph. 7 was taken, was at 15°C. 
Ph. 8 was taken with No. 15, excited indirectly, when it was at 27°C. 
and should be compared with Ph. 6 on Pl. Il. which records the 
electrical response of the same muscle at 17°C." Where there is no 
indication of the discontinuity of the excitation during the first 
quarter of a second this does not necessarily continue to be the case for 
a longer period. Thus a photograph taken on a more slowly moving 
plate with the same muscle as that to which Ph. 7 refers, shows that 
during the following quarter of a second a rhythm indicated “ys a@ series 
of undulations each of 0°020 sec. duration occurred. 

The upper limit of number of excitations per second which can be 
reproduced synchronously in the electrical response of frog’s muscle is 
stated by Wedenskii to be about 200. We will therefore next consider 
the results obtained with a fork of a somewhat higher vibration rate 
than this. The fork used gave actually 270 double vibrations per 
second (c#). Ten muscles were so excited and the results obtained 


1 It is to be noted that the exact temperature at which a muscle ceases to respond in 


one way and responds either in a different frequency or without any sign of periodicity 


at all, cannot always be determined. Thus muscle No. 15 may have ceased to respond in 
a periodical manner at any temperature between 17°C. and 27°C. as it so happens 


that no photographs were taken at intervening temperatures. With muscle No. 9 on the 


other hand, we are able to state exactly at what temperature the change in the mode of 
response took place, since photographs were taken both at 8°C. and at 7°C., and after 
warming the muscle back again. Since by the conditions of the experiment and the use 
of the photographic method one cannot tell the result of one part of an experiment before 
going on to the next, it is only by chance, so to speak, that one hits upon the exact 
temperature at which the change takes place. - 
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from time measurements al the photographs taken are shown in 
Table C. 
TaBLe C (270 d.v. per second =c%). 


Norz :—A fork giving 270 double vibrations per second would give 1d.v. in 3°7 
thousandths of a second, 2 in 7°4, 3 in 11:1, 4 in 14°8, 5 in 18°5, 6 in 22-2, 7 in 25°9, 
8 in 29°6, 9 in 38-3, 10 in 37-0. 

On account of the difficulty of measuring with accuracy, i.e. to within a ten-thou- 
sandth of a second, the duration of the undulations in the curves before us, the method 
has been adopted for this and the three following tables of summing the durations as 
measured in thousandths of a second when it is evident. that a certain definite rhythm 
persisted for any length of time (about 6 or more hundredths of a second) and taking the 
average. To show where this has been done the number in 1000ths (strictly 990ths) of a 
second is printed in black. In cases in which undulations of the same duration do not 
succeed: one another for any length of time, their durations are given in she nearest 
number of thousandths of a second that could be measured. As in the previous tables the 
numbers in brackets in the 8th column designate the greatest number of times any one 
interval occurs in succession, i.e. when an average is given in the 7th column, the 
number of undulations from which it is taken. 


_Interrals thonsqndths of Number 
Mode Temp. of “Most Number Number Their measur- Their 
Frog ornot tation preparation made _ intervals occurrence intervals tion graphs periment 
F. 50 c dir. hrs, 18°C 1 1t 
| 19 2 (2) 2 195 1 4+ 
17° 165 2 4&6" 
F.55(i) dir. 16° 7:3 8 (8) 4 1 1 
15 5 (2) 
9° 26 8 2885 
33 8 
74 11(10 
F. 51 (i) n. ind. fresh i= Fe 12 (8) ll 10°4 2 2&4 
; 6° 23 3 9 889 5&7 
7 
16° {as 4 (2) 11 2 1214 
17 6 (2) 
re 
F.51(ii) nm. ind, 14° ve 8 5 12°2 
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19° 1 5t 
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3°7 3 (3) 
22° 12 13°1 1 Tt 
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Curarised  exci- 
Sart. Frog ornot tation preparation 
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94° 


IV., Ph, 26 
5 PL IV., Ph. 14, 


Only two muscles (Nos. 8 and 5) gave an: \, all regular synchronous” 
response, and the periods for which they did so were for the most part 
extremely brief. In No. 8 it occurred at temperatures between 17° C. 
and 24°C. and in No. 5 at from 19°C. to 22°C. Three photographs 
taken with muscle No. 8 are reproduced on Plate IV. Ph. 13 was taken 
at 24°C. and shows, as do also three photographs taken previously at. 
temperatures rising from 18°C. to 24°C, hardly any indication of a 
discontinuity in the excitation at all, but where undulations are visible 
they have each a duration of a little less than 0004 sec. In Ph. 15, 
which was taken after the muscle had been cooled to a much lower 
temperature and then warmed back to 17°C., many more undulations 
such as would indicate a rhythm synchronous with that of the sound are 
distinguishable, although in some places the effect of each alternative 
d. v. seems to be very small and three undulations of double the duration 
intervene. The effect of cooling the muscle to 10° C. was to lengthen 
the imtervals, but in such a way that they mostly bore some numerical 


Intervals in thousandths of a second Number 

Mode Temp. of Most Number Number Their measur- Their 
4 of Time chamber frequently able 
| 169 111) 8&bBt 
18° 2 90 2 
21° 7 1 
(e7  11(8) 

10 

; 1 8 (2) 

22 

| 18(6) 

17° 5 1 
7 8 

1 4 5 

q 6 

9 7.00 in the wo 
12 9 (4) 

15 5 

| 

12 8 (3 1 5 

| 15 4 

CPL IV, Ph 

Pl. IV., Ph. 16. 
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relation to those of the sound vibrations although no longer recurring 
with any regularity. A curve taken at 12°C., reproduced in Ph. 14, 
shows undulations occurring very regularly for nearly a tenth of a 
second, each having a duration such as would indicate a response to 
every fourth d.v. of the sound, and afterwards others whose durations 
indicate no numerical relation to the periods of the excitor. 

The rhythm usually indicated in the electrical response of a muscle 
excited by the 270 fork appears to be one of half the frequency of the 
sound. This occurred for periods of longer or shorter duration in seven 
out of the ten muscles (Nos. 2 and 3, 5, 7—10) at temperatures varying 
from 14° C. to 18°C. A photograph taken with the curarised sartorius, 
No. 2, at 17°C, is reproduced as Ph. 16, and shows that separate 
responses occurred very regularly at intervals of about 74 thousandths 
of a second until towards the end of the time occupied by the passing 


of the plate, when the intervals between them became longer, 3 of them — 


being exactly 3 times as long. In photographs taken with most of the 
other muscles similar indications are given that the muscle cannot 
always respond regularly to every 2nd d. v. but sometimes only to the 


3rd, 4th, 5th, or 6th d.v. Such of them as were cooled responded to. 


the 4th, 5th, or 6th d. v. more frequently than to the 2nd. The average 


duration of intervals which bore no numerical relation to those of the 


sound was also longer in cooled muscles. Only one muscle (No. 6) gave 
at a fairly high temperature (17° C.) a very slow rate of response. The 
muscle whose response although periodical gave least indication of 


the sound producing it was No. 4, a muscle that also gave hardly any. 


indication of the note when excited by the 100 fork (see No, 13 of 
table B). It became somewhat more regular a at the same time as it 
became slower on cooling. 


Four of the muscles excited by the sound of this fork (Nos. 1, 2, 7,, 


and 8), two of them curarised and two nerved, gave during the first few 
hundredths of a second after excitation, responses in which there was 
no other indication of a discontinuity in the excitation than the slight 
traces of synchronous rhythm already mentioned in the .responses of 
muscle No, 8 and slight traces of other periodicity in some of those: of 


the others. Thus with No. 1 the response was apparently constant for 


the whole first quarter of a second after excitation at temperatures of 
13°C. and 18°C., and for the first tenth of a second at 11°C., after 
which period there were four separate responses at rather long intervals. 
With No, 2 it was so for the first 0°05 sec. at 16°C., and for the first 
0°08 sec. at 10°C. but ceased to be so after the muscle had been excited 
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a few times. With No. 7 when first excited at 18°C. it was for very 
brief periods only that the response was constant, but, after cooling 
the muscle and warming it back again to from 18° C.—21°C., it became 
so for practically the whole first quarter of a second, there being no 
other indication of discontinuity than that expressed by a single 
undulation at the very beginning of each response. Two other muscles, 
Nos. 3 and 5, which at first gave periodical responses seemed to 
partially lose the tendency to respond in such a way on being warmed. 


Taste D (352 d. v. per second =f). 


_ A sound giving 352 double vibrations per second would give 1 d.v. in 2°8 thousandths 
of a second, 2 in 5°6, 3 in 8°4, 4in 11°3, 5 in 14°0, 6 in 16°8, 7 in 19°6, 8 in 22°4, 9 in 25-2, 


(a) Frok'’. 


Intervals in thousandths of a second 
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9 5 (8 
Shr. 170, {15 
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84hrs. 17° 6 (4) 
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of “Most umber Number Their 
Time Srantbes frequently of of average 
kept after of, other 
14°C. 78(21) 7 160 
6 (3) 

20&28 Qeach 

6 (6 
30 12) 
40(28) 

6 8 (2 

| 84 10 

112 

414, 20 

&22 8 each 

25 Q 

Whistle® 
15(5) 
ddays 15°0. 
21 
4 
1 {3 1 191 
30 8 
18° 18 4 8 225 
4days 16° 19(17) 38 128 

8 (3) 

{i 5 9 17% 

18 5 (3) 

20 5 (8) 

Beach 6 27° 

26&38 2 each 
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Number 
of 
measur- Their 
graphs periment 
5 2-6+ 
4 14+ 
2 5 & 6+ 
1-3+ 
1 1 
2 2&3 
2 4&5 
8 6-8 
3 9-11+ 
4 1-4+ 
2 5 & 6+ 
1&2 
2 
1 5 
1 1 
1 1*4 
2 2&3 
2 12 &18 


1 A photograph taken with a dead sartorius into which the induction currents were 
allowed to escape while the fork was being sounded in front of the transmitter shows that 
there were 5 induction shocks in ,j,4 sec., that is to say that the true vibration rate of the 
fork was 853°6 per sec. A fork of this vibration rate would give 1 d.v. in 2°82 thou- 
sandths sec., or in 2°80 nine-hundred-and-ninetieths sec., whereas a sound giving 352 per 
sec. would give 1 d. v. every 2°84 secs. 

* Pl. IIL, Ph, 9, the eighth in the experiment. 

* The whistle was an adjustable one and had to be reset for each experiment. There 
is a possibility of its pitch having been slightly lower than f’. 

* PL, IV., Ph. 17. 
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The next higher sound employed to obtain records of the electrical 
response of the frog’s sartorius was one giving about 352 double 
vibrations per second (f’). Fourteen muscles were excited by the 
sound of a fork and three others by that of a whistle, and the results 
are given in Table D. None of them gave a regular synchronous 
response, although a few very brief intervals of about 0°003 sec. were 
indicated here and there in one of the curves taken with No.4. Only 
one (No. 18) responded in a rhythm of half the frequency of the sound- 
vibrations and it did so only to two of the eleven tetanisations to which 
the muscle was subjected at 15°C., though in those two it responded 


thus for nearly the whole first quarter of a second after excitation, The 


same muscle the eleventh time it was excited and Nos. 1 and 2 re- 
sponded for very brief periods in a rhythm one third that of the excitor. 
By far the greater number of muscles which gave a periodical 
electrical response at all, gave a rhythmical one of a quarter the 
frequency, this was the case at temperatures of from 13°C. to 17°C. 
in seven of the muscles excited by the fork, and in all three muscles 
excited by the whistle, the separate responses occurring sometimes with 
great regularity to every fourth d.v. for periods of about one to two 
tenths of a second. A photograph taken with No. 17 excited by the 
sound of the whistle is reproduced as Ph. 17, on Plate IV. Some of 
the muscles, e.g. Nos. 4 and 9, gave a less regular response the first few 
_ times they were excited. Nos. 6 and 15, which were cooled, gave 


‘separate responses at intervals which were for the most part longer, | 


some of them corresponding to those between 5, 6, 7, 8, or 9 d. v., and 
with neither did intervals corresponding only to 4 d. v. reappear on 
subsequent warming. Some of the muscles, especially after being 
excited a few times, gave responses at intervals of more than 4 d. v. apart 
without being cooled. Many, notably Nos. 2, 6, 9, and 13 the first time 
it was excited, gave a periodical response in which hardly any of the 


intervals in the first quarter of a second were the same, and in which © 


but few bore any numerical relation to the period of the excitor. 

Almost all the muscles excited by the sound of the 352 fork whether 
excited directly or indirectly, gave responses in which for periods of 
longer or shorter duration there was no sign of discontinuity’ at all, such 


1 In the following paragraphs I have frequently used the word discontinuity in 
reference to a response, the photographic record of which exhibits undulations, in the 
place of the word “ periodicity.” Having originally used it for such a response to a 
discontinuous stimulus as gives evidence of this discontinuity, I have unadvisedly retained 
it for responses the records of which exhibit similar undulations even when the stimulus 
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periods being longest in the responses of Nos. 1, 3, 5, 8, 11, 12 and 14. 
One of the records taken with No. 3 is reproduced (Pl. III. Ph. 8). 
The muscle was at 24°C. when the photograph was taken; at lower 
temperatures the curve showed a few undulations of from about 0003 
to 0°007 sec. duration at the very beginning of each response, but these 
disappeared entirely when the muscle was at 21°C. or at any higher 
temperature, becoming evident again when it was once more cooled to 
16°C., their duration being then somewhat longer than it was at the 
same temperature before, i.e. varying from 0:007 to 0:020° sec... With 
‘Nos. 5, 11 and 12 the photographic records gave no indication of 
discontinuity in the response at all, even at 14° and 15°C., the first 
four times the muscle was excited, although two curves taken sub- 
sequently with Nos. 11 and 12 showed undulations, so indistinct 
however in the case of No, 12 that they could not be accurately enough 
measured to be made use of in drawing up the table. No. 8 gave an 
_ apparently continuous response, even though it had been excited a great 
many times previously (see footnote’, p. 107). Only with one muscle, 
No. 14, did it happen that the discontinuity was less apparent after the 
muscle had been excited a few times than it was at first: while the 
response was, or appeared to be, continuous for the first tenth of a 
second the first time it was excited, it became so after short periods of 
varying response the five following times, and these periods became 
shorter in the successive responses. In the one curve taken with muscle 
No. 1 with this fork such undulations as there were also occurred at the 
beginning of the response. The lowest temperature at which an ap- 
parently continuous response occurred was 7°C. This was with No. 6, 
where it lasted for about the first tenth of a second the first two times 
the muscle was excited at that temperature. It so happened that there 
were no such continuous periods in the responses of the three muscles 
excited by the whistle of the same pitch as the fork. It will be noticed 
that the season of the year in which the experiments were made was 
different, and that the muscles had all been kept in 0°6°/, salt solution 
for a much longer time, but whether or not these facts have any 
significance is doubtful seeing that the fellow-muscle of Frog 22 when 
excited by the 100 fork gave unvarying responses throtghout. 

could no longer be considered as discontinuous. This has led to the occasional use of the 
word discontinuous as descriptive of a response which is otherwise, and more correctly, 
termed “ periodical” or “varying,” and further to that of the word continuous in the 
opposite sense, i.e. in the place of “steady,” ‘‘constant,” or “ unvarying.” 


1 In one of the curves taken at 16°C. there were also a few undulations subsequently 
__ indicating a still slower frequency of response. 
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Three muscles were excited by the sound of a fork giving 424 
double vibrations per second. One of them (No. 2 of Table E) 
the first time it was excited, responded in a rhythm of half the frequency 
for about five-hondredths of a second, the undulations on the photo- 
graphic curve then became indistinct and were resumed after a few 
more hundredths of a second, the frequency being then a quarter that 
of the excitor. In a subsequent response of the same muscle there 
was at first a period giving rise to no undulations, this gave place to 
one in which there were undulations occurring irregularly with a 
frequency of a little less than a quarter that of the sound vibrations, 
and this to one in which they occurred more regularly with about a 
fifth their frequency. Another muscle (No. 1) gave an irregular 
response both times it was excited, although certain intervals recurred 
more frequently than others, those indicating intervals of about 4 and 
54 d.v. being the most numerous; in the first curve taken there were 


Taste E (424 d.v. per second, = ab’). 


Nors :—A fork giving 424 double vibrations per second would give 1 in 2°36 thousandths 
of a second, 2 in 4°7, 3 in 7°2, 4 in 9°4, 5 in 11°8, 6 in 14°1, 7 in 16°5, 8 in 18-9, 9 in 21:2, 
10 in 23°6. 
Intervals in thousandths of a second ee 
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Taste F (467 d.v. per sccond, = bb’), 


Norz :—A fork giving 467 double vibrations per second would give 1 in 2°1 thousandths 
of a second, 2 in 4°2, 3 in 6°8, 4 in 8°4, 5 in 10°5, 6 in 12°6, 7 in 14°7, 8 in 16°8, 9 in 189, 
10 in 21°0. 


Intervals in thousandths of a second Number 


Mode Temp. of “Most Number Number Their ace. Their 
Sart. Frog ornot tation preparation made intervals occurrence intervals tion graphs periment — 
1 F.48(i) ind. 14°C, 7,10 & 

21 6 
9° 25'0 8 (8) 8 28°6 2 8&4 
16° 14416 2 each 3 18°0 2 5 & 6+ 
4 F.59(i) n. ind, 
12 


SERE 
} 
2 


9 48 8 10-42 


5 F.59(i) nm. ind. 16° 


6 F.8 ind, 11° 188 2 7&8 


two non-consecutive undulations having the duration of about a single 
d.v., each coupled with oné of the duration of about 44 d.v. With 
the third muscle, which was the only one the temperature of which was 
altered, a rhythm of one-third that of the excitor prevailed at 15° C.; 
this was the case in three out of the four photographic records taken - 
at this temperature, while in the fourth, which is reproduced (PI. IV. 
Ph. 18), a slower frequency, at first about a quarter that of the sound 
and at the end very regularly a fifth of it, prevailed. When cooled to 
7° C. the intervals were mostly about 6, 7, or 9 times those of the 
excitor; when warmed back to 15° C. they became at first shorter but 
irregular, then more regular, the intervals being mostly 5, 6, or 8 times 
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those of the excitor. With all three muscles there were periods in the 
responses in which there was no sign of discontinuity at all. 

Six muscles were excited by a fork giving 467 double vibrations 
per second. When the response was discontinuous there were never 
indications of a rhythm one-half or even one-third that of the sound. 
In two muscles (Nos. 4 and 5 of Table F) one of a quarter the 
frequency was indicated; this occurred fairly regularly for a few 
hundredths of a second in the first response of No. 5, but in the 
responses of No. 4 such an interval as would correspond to one between 
4d. v, only occurred here and there and only at the higher temperatures 
at which the muscle was excited and before it became fatigued. 


Separate responses occurred at intervals of about 43 d. v. fairly regularly - 


the second time No. 5 was excited, while the third time a frequency 
of about one-sixth that of the sound prevailed. No. 4, which was also 
excited several times in succession at one temperature, gave the first 
two times intervals of about 5 and 6 as well as of about 4d.v.; the 
third time there was little indication of discontinuity at all, while the 
fourth and fifth times the greater number of intervals were such as to 
indicate a rhythm one-sixth that of the excitor, a rhythm which was 


_ also indicated in the responses of No. 5, as already mentioned, and in 


those of Nos. 1 and 3, and which occurred with great regularity in 
those of another muscle, No. 6, one which had been kept in salt 
solution for a longer time than the others. All the muscles except 
No. 6 gave an apparently continuous response for periods of longer or 


shorter duration, the periods being longest in the responses of Nos. 1 


and 3. With Nos. 3 and 4, which were the only ones that were cooled, 
such periods became shorter or disappeared on cooling, while the 
duration of the undulations on the curve became longer, the intervals 
between two successive separate responses (if we may so call them) 
which occurred most often being such as to correspond to 10, 12, 13, or 
16 d.v. .When the muscle was warmed back to its original temperature 


the intervals in both cases became shorter and periods which showed no | 


sign of discontinuity again intervened. 

The higher notes that were sounded in front of the transmitter to 
excite the muscle were produced by whistles of different pitches. A 
whistle whose pitch could be adjusted to any note between f’ (352 d. v. 
per sec.) and f” (704 d.v. per sec.) was used for such frequencies of 
excitation as lie between these limits and for higher ones a small 
flageolet. Each was blown by a current of air coming from an india- 
rubber reservoir with one outlet and a heavy iron board over it to 
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drive the air out at equal pressure when the outlet to the whistle 
was opened. The pitches chiefly employed were one of b’ = 495 double 
vibrations per second and one of f” =704 double vibrations per 
second. A few experiments were also made with b”=990 d.v. per 
second and c” =1056 d.v. per second. It may be observed that b’ 
was the same pitch as the tuning-fork used to mark the time in the 
whole series of photographs. This was ascertained to be the case not 
only by the sound but by a photographic record taken when induction 
shocks were allowed to escape into the electrometer while the whistle 
b’ was being sounded in front of the transmitter, the needles in the 
secondary circuit being placed on either side of a dead muscle very 
close to the proximal leading-off electrode. The record showed a 
downward and upward movement of the mercury to each tooth of the 


. time-record, the two tracings, that of the mercury and that of the 


shadow of the prong of the fork, being very similar’. With a pitch 
giving one d. v. every two-thousandths of a second, and thus giving rise 
to an induction shock every thousandth of a second, any interval in the 
electrical response of the muscle measured with such degree of accuracy 
as was feasible might be regarded as bearing a numerical relation to 
the sound intervals, and the same would apply to any higher pitch. 
The results obtained from time-measurements of the responses of 37 
sartorius muscles excited by frequencies of 495 or more per second are 
therefore given together in Table G. . Thirty-one were excited by the 
sound of b’, and of these twenty-one also by that of f”, and another 
three also by that of c”; four of the remaining muscles were excited 
by the sounds of f”, and three of these also by that of c’’, two others 
were excited by c’” only; by the sound of b” only one muscle (No. 34) 
was excited, 

The table is arranged in the same way as those already given, with 
the exception that in the tenth column, for more convenient comparison 
of one response with another, the average of the whole number of 
intervals occurring in a given time (that occupied by the passing of the 
plate) is stated, even when one or more intervals occurred sufficiently 


_ frequently to be specially indicated in column 7. Most of the photo- 


graphs measured were taken on plates which were passed in front 


1 Such records were only taken with the whistle at this pitch and with one of the forks 
(see footnote, p. 118), they were not taken with the other exciting sounds, as there was 
always a danger of polarising the electrometer when such experiments were made. The 
vibration-rates of the other forks employed were kindly determined for me by comparison 
with a standard 1000 fork by Mr F. Jervis-Smith, F.R.S. 
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G (comparison of 495 d.o.=0' and 704 d.v.=£", also of the two 
higher notes 990 d.v.=b” and 1056 d.v. per second = c"’). 
Sounds giving 495 and 704 double vibrations per second would give 1 d. v. every 2°0 


and 1°4 thousandth of a second respectively. The mode of excitation was direct in 
Sart. 1 to 20 inclusive, indirect in the remainder. The muscle was curarised in 1 to 11 


inclusive. 
Temp. of 
chamber 
Sart. Frog preparation wake 
1 F.9 1 day 11°C 
2 F.10 1 day 11° 
8 F. 12 (i) 1 day 16° 
4 F.12(ii) 1 day 16° 
6 F.15(i) 10° 
6 F.15 (ii) 2days 11° 
7 
6° 
10° 
15°-17° 
7 Bite 1 day 15° 
10° 
14° 
8 F.17(ii) 1 day 15° 
8° 
12° 


& 18 
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f” 12 or 18 
b’ 24 & 26 
{96 

26 
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176 1 
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18 
q 19°7 17 
13°5 
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f” 19 & 30 23°0 3*4 
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4 {"9 10°0 2 
4 8 
26°4 5 | 
27°6 4 
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; 29°1 7 
: 48°5 8 
25°6 9 
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Intervals in thousandths of a second a 

Tomp, of Number of 
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intervals occurrence intervals tion taken 

11° b’ — _ 6 283 q 

19° 178 q 

15° 4 

9° 8 (2) 28-0 
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4 27 0 5 + 4 
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~ a 


Sart. Frog 
21 381 


23. «SOF. 4e (ii) 
24 «CF. 7 (i) 


25 =F. 7 (ii) 


F. 6e 
F.8 


3 8 


29 F. 18 (i) 


80 F. 18 (ii) 


22 F.4e (i). 


34 hrs. 
8 hrs. 


84 hrs. 


4 brs. 
1 day 


1 day 


1 day 


1 day 
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Intervals in thousandths of a second 
Temp. of Number of 
Time when frequently Number of Poin w 
b’ 10& 18 4each 21 129 1 1 
$1 F.18(i) 18°O, 10 5 (2) 18 1 ot 
f” 16 14 178 1 6 
b’ 24 & 26 Qeach 15 1 8. 
44 94 2 13-195 1 g*9 
| 3 if” 14 5 1 
82 F.18(ii) lday 18° b’ 16 5 18 1 1 
F.29 lday 10° bt {35 
84 44 hr. 15° b’ 12 4 107 2 5 & 6t 
b” 10 8 (3) 15 4  8,4,7,8t q 
10 7 (5) 18 «108 2 1&2 
12° bY 14417 Beach 16 #42142 1 9 
10° 4 (2) 83 66 2 Wéll 
o” — 12 168 2 12&18 
6 13 6-1 
85 F. 45 4 hr 25° { — 6 9-1 3 1-8t 
14° 5 12% 1 5+ 
12° o” 19 & 21 Qeach 10 22°4 1 7 
19° oe” 8 & 15 Seach 18 12:1 1 9 
— — 1 12+ 
7&8 8 each 7-0 2 5 & 6+ 
86 F.47(i) 28° 6 4 7 56 4 1-4+ 
8 4 6 8-0 2 & Bt 
12 8 1 st 
87 F.48(i) hr. 15° {em 10 6 (8) 10 9°3 1 1t 
7 oe” 9 8 (2) 1 8°7 1 2+ 
Excitation by Ton-Inductorium giving 2947 stimuli per second™. 
: 9 11 
88 Shrs. 17° 9 42 104 2 1&2 
| 8 & 12 4 each 
: 1 Pl, V., Ph, 21, 2 Pl, V., Ph. 22. $ Pl. V., Ph. 19. 
4 4 Pl. V., Ph. 20. > Pl. VI., Ph. 26. 6 Pl, VL, Ph. 25. 
7 Pl. IIL, Ph. 10. 8 Pl, Ph. 11. Pl. V., Ph. 28. 
Pl. V., Ph. 24. 0 Pl, IIL, Ph. 12. 12 See p. 126. 


of the slit at the same rate as in the experiments we have been 
hitherto considering, a few only were taken on more rapidly moving 
plates, such as took about a sixth of a second after the moment of 
excitation, instead of about a quarter, to pass. From what duration 
' of response each result given in the table was obtained can be readily 


fg 
| 
| 
| 
| 
| 
| 
> 
4 
“ 


| 
| 


124 F. BUCHANAN. 


judged of from the 9th and 10th columns in those cases in which the 
response was wholly periodical (i.e. where there is no + in the last 
column): in those cases in which it was wholly or partially unvarying 
it so happens that the results given in the table were nearly all 
obtained from plates taking about a quarter of a second to pass’. In 
order to make the results more comparable with one another it has 
further been thought desirable to give those obtained from separate 
photographs, 7.¢. for responses of about the same duration, even in those 
cases in which the muscle was excited, several times under the same 
conditions, unless there happened to be two or more responses the 
records of which were so similar that there was nothing to be gained by 
giving the results of them separately. As a rule the results obtained 
from the first photograph taken with each muscle under the same 
conditions alone are given’, but with one curarised muscle (No. 4), with 
one nerved muscle excited indirectly (No. 13), and with a few nerved 
muscles excited indirectly (e.g. Nos. 21, 24, 25 and 27) those obtained 
from a larger number of photographs are given. 

Most of the muscles, whether curarised or not, gave discontinuous 
responses the greater number of times they were excited; but about 


half of them, some curarised and some not, gave for part of the time 


the response was recorded one that showed no sign of discontinuity 
at all. When the response was a periodical one the intervals, as 
indicated by the undulations on the photographic curves, seldom 
occurred with any regularity, though with some muscles certain in- 
tervals occurred more frequently than others and occasionally the same 
interval a few times in succession, and, as one might expect, with any 
one muscle the same interval occurred as much with one frequency of 
excitation as with another when both exceeded 1000 (500 d.v.) per 
second. If one contrasts the records given by a,muscle excited both 


by such a frequency and by a lower one, eg. those of the first five 


responses of No. 15 which was also excited by a frequency of about 
700 per second (see No. 17 of Table D), and those of the first eight of 
No. 27 which was also excited by one of about 930 per second (see 
No. 6 of Table F), the more frequent and more regular occurrence of 


1 The 1st photograph of Nos. 12 and 20, the 1st three of No, 24, the 3rd and 4th of 
No. 26, and the 8rd and 5th, 11th and 12th of No. 35 were the only exceptions. 

2 Sometimes the excursion of the meniscus was so large that it went as high as the 
time-marking fork, and its movement for the last part of the time the plate was passing 
was thus obscured. When this was the case the mercury was lowered before the second 
photograph was taken and the results obtained from time-measurements of the second 
curve are the first to be given (Nos. 6 and 30.) 
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certain intervals with the lower frequencies is apparent. That each 
separate response has still the character of a single monophasic variation 
is seen by comparing the record of a response to a single instantaneous 
stimulus with that of the same muscle in tetanus. 

One would naturally expect, when stimuli occur so frequently that 
the muscle has a chance, so to speak, of giving a separate response at 
any moment, that the rapidity of the recurrence of such responses in 
the whole response of the muscle would be independent of the frequency 
of excitation when it has once ceased to be synchronous with it or to 
bear any simple and more or less constant numerical relation to it. 
The experiments of which the results have already been given show 
that, as regards frog’s muscle, the relation between the frequency of 
recurrence of separate responses and the frequency of the excitations 
becomes less and less simple and apparent as that of the excitations 
rises from about 270 d.v. per sec. to about 467 d. v. per sec. With 
any higher frequency therefore where such relation has practically 
ceased to be apparent at all we might expect the responses to be 
similar to one another, ze. that there should be no more difference — 
between a response to 495 d.v. per sec. and one to 704 d. v. per sec. 
or one to 990 or to 1056 d. v. per sec. or to one to a still higher 
frequency than there is between two different responses to excitations 
of one and the same frequency. To determine whether or not this is 
the case we may consider the twenty muscles giving discontinuous 
responses out of the twenty-one excited by the sounds of both b’ and f”, 
and take the first response to each sound, that was discontinuous for a 
sufficient length of time’, with each muscle. We find that the average 
durations of the undulations, as obtained from measurements of each 
set of twenty photographic records, is the same, being, as it happens, 
precisely 0°0169 sec. with either frequency of excitation. 

With the six muscles which were also excited by higher frequencies, 
‘as well as by one or other of these two, the frequency indicated in the 
records of the responses of four of them (Nos. 17, 19, 34, 36) is very 
much the same whether the muscle was excited by the lower or the 
higher frequency, while in those of No. 35 it is a little slower, and in 
those of No. 37 a little quicker when the sound of c’” was used for 
excitation than when that of f” was employed. Three photographs 


1 For the purpose of obtaining this average such first responses only of muscles 
Nos, 1—8, 12, 14, 21—25, 2731 were used as exhibited a periodicity for about the sume 
length of time in both cases for the two to be comparable i.¢., usually the first two 
bracketed together in Table G. 
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are introduced on Pl. VI. to show the similarity of response of muscles 
excited by different frequencies over 1000 per sec. Ph. 25 was taken 
with muscle No. 12 excited by the sound of the whistle with pitch 
f” = 704 d.v. per sec., Ph. 26 with the same muscle excited by the 
sound of b’=495 d.v. per sec. These two photographs were taken on 
plates taking about one-sixth of a second after the moment of excitation 
to pass the slit. Ph. 27 was taken on a somewhat more rapidly moving 
plate, t.e. on one which took about one-seventh of a second to pass; it 
records the electrical response of another muscle excited by currents 


of a still higher frequency, namely one of 2947 per sec. produced, not 


by the sound of a whistle in front of the transmitter, but by the 
longitudinal vibrations of a magnetised steel rod 88cm. long lying 
inside an induction coil, «e. by Kronecker’s “Ton-Inductorium.”? 
Ph. 25 and Ph. 26 each exhibit a series of undulations whose average 
duration, as is indicated in Table G, is 0°0085 and 0:0088 sec. respec- 
tively. Ph. 27, which was taken with a muscle kept for about the 
same length of time in salt solution and at about the same temperature, 
shows 13 undulations, whose average duration is 0°0105 sec. Particulars 
with regard to the muscle and two of its responses, the second of which 
was taken on a more slowly moving plate, are given at the end of 
Table G. . 

A few other muscles were excited by the ‘ Ton-Inductorium ’ 
which was kindly lent by Professor Kronecker for the purpose. They 
mostly gave responses so similar to those obtained with the high pitches 
of the whistles suunded in front of the transmitter that it has not 
been thought necessary to give the results obtained from their time- 
measurements in detail. 

What is the highest frequency to which a muscle can give a 
prolonged electrical response it is not our purpose here to consider, 
but, having ascertained the frequency of excitation to which, if it 
responds in periods at all, these no longer have a frequency which 
can in any way be considered as consequent on that of the excitor 
rather than as having its origin in the excitable tissue, we have now 
to enquire what conditions affect or do not affect this frequency. 

For the purpose of determining whether or not it makes any 
difference to the response of a muscle whether it is excited directly 
or through nerve by currents of such high frequency as are unable 
to impress their own rhythm upon it, it would have served little, for 


1 Kronecker and Stirling. Archiv f. (Anat. u.) Physiol. 1878, p. 8, 
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reasons similar to those indicated below in considering the effect of 
the keeping of muscles in salt solution, to have compared the responses 
of the same muscle before and after being rendered nerveless by curare. ~- 
In comparing those of different muscles for the purpose of ascertaining 
whether, when the response is periodical the rapidity of the recurrence 
of the periods is affected, it is the first sufficiently varying responses 
of the different muscles by whichever of these higher frequencies 
excited that are more comparable with one another, for a reason 
which will be apparent immediately, than those given the first 
time a particular sound was used for excitation. I have therefore 
taken for comparison the average intervals of the first wholly, 
or nearly wholly’, discontinuous jresponses of the eleven curarised 
muscles, Nos. 1—11, and of the twelve nerved muscles excited in- 
directly, Nos. 22—25 and 27—34; and find that the mean of each 
series is practically the same, being, it so happens, 00161 sec. in both 
cases*, Although the average taken in a similar way of the first 
- responses of the seven nerved muscles excited directly (Nos. 12—15, 
17, 19, 20) is lower than that either of the curarised or of the nerved 
ones excited indirectly, being 0°0140 sec. this is probably merely 
due to the fact that most of them happened to be at a higher tempera- _ 
ture when the first response was recorded than in the other two cases, 
and possibly to the fact that all but two of them had been kept for 
a very short time only; for as we shall see immediately the frequency 
indicated in the electrical response of muscles excited by high as with 
those excited by lower frequencies depends a great deal upon tempera- 
ture, and to some extent also on the length of time after preparation 
for which it has been kept, and when we compare instead the average 
intervals of only those curarised (Nos. 3, 4,7—11) and of only those 
nerved indirectly-excited muscles (Nos. 22, 23, 28, 31, 32 and 34) as 
were first excited at temperatures of from 13°C. to 16°C. with that 
of the nerved, directly-excited ones (which were all with one exception 
at temperatures of 15°C. or 16°C.) we find that there is no such great 
difference, it being only 0°0144 sec. for the nerved ones excited indirectly 


1 To obtain each such average, the average intervals in those first responses only were 
used of which the photographic records showed an undulatory contour for more than 
0°10 sec, 

* It may be objected that the averages given in this and the next few paragraphs are 
obtained from too few a number of muscles. I maintain that the objection is not a 
sufficient one to detract from the value of the conclusions arrived at, seeing that whether 
there is an agreement or whether there is a difference it is usually so well marked. 


Shy 
Be 
ge 


od 


r 
* 
\ 
4 
. 
| 
4 
a 
5 
(pe 
ba. 
3 
ny 


F. BUCHANAN. 


and 0°0151 sec. for the curarised muscles; the averages obtained from 


the responses of the remaining four curarised muscles at temperatures 


between 9°C. and 11°C. and of the remaining six nerved indirectly 


excited muscles at the same temperatures were respectively 0°0174 


and 0°0178 sec. | 


There was only one curarised muscle (No. 7) which gave a constant 
response for any length of time, but No. 16 may be practically regarded 
as nerveless since the gastrocnemius muscle of the same frog which had 
been kept with it for control wjth its nerve (as was almost always 
done with any sartorius prepared without its nerve) failed to respond 
to indirect stimulation at the end of the four days. With No. 7 it was 
only the first response of the muscle that showed no sign of discontinuity. 
The general form of the curve recording it was similar, as far as it goes, 
to that recording the second response of the same muscle which is 
reproduced as Ph. 21 on Plate V. It has not itself been reproduced as 
an instance of a continuous response of a curarised muscle, for the 
reason that the last half of the record is obscured by the shadow of the 
time-marking fork, owing to the largeness of the excursion and the con- 
sequently insufficient previous lowering of the mercury in the capillary : 
but the first of three records, very similar to one another, obtained with 
No. 16 is reproduced as Ph. 10 on Pl. III. As regards the other muscles 
excited directly but not curarised, two, Nos. 19 and 20, gave good 
responses which showed little if any sign of discontinuity the first two 
times they were excited, the undulations subsequently becoming well 
marked, As regards the nerved muscles excited indirectly, several gave 
wholly or very nearly wholly continuous responses, three of them (Nos. 21, 
29 and 36) a very large number of times in succession, and a fourth 
(No. 26) which was only excited four times each time that it was 
excited. The first curve taken with No. 21 is reproduced as Ph. 11; 
seven other curves, the responses to the llth, 13th—17th and 19th > 
excitations, taken with the same muscle could hardly be distinguished 
from it although they were all taken after the muscle had been excited 
eight times in succession: by the sound of the 50 fork; the three other 
curves (the 2nd, 12th and 18th) which were taken when the high 
frequency of excitation was employed only differed from the first in 
having a few undulations at the very beginning. Ph. 12 records the 
eighth response of muscle No. 36; all the preceding curves taken with 
the same muscle, whether a frequency of 1400 or one of over 2000 
per second was used for excitation, closely resembled it, differing from 
it only in the number and durations of the small undulations at the 
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beginning. The ten curves in which undulations were absent taken 
with muscle No. 29 were also very similar to one another; in this case 
the curves taken in response to three previous excitations exhibited 
undulations, though in only one (the 2nd) were these present through- 
out; and two later responses (the 5th and 10th) gave curves which 
were not absolutely smooth, though the undulations on them were 
‘hardly measurable. In the. records of the responses of several other 
muscles, both those directly and those indirectly excited, periods of 
some few hundredths of a second in which there were no undulations 
on the curve now and again occurred’. 

The one respect in which muscles excited directly by currents of high 
frequency, and especially curarised muscles, seem to differ as regards 
their electrical response from those excited indirectly, is their failure to 
continue to respond in the same manner for any length of time. With 
several of the curarised and with some of the nerved directly-excited 
muscles there was a good deal of difference between the first and 
the later responses. When the curves representing them were all - 
undulatory, the undulations were usually of longer duration in the 
second, and became then, or after one. more period of excitation, still 
longer and less frequent, other conditions remaining the same (see 
No. 4). If the exciting (needle-)electrodes were moved during such 
an experiment to a fresh spot on the upper part of the muscle, as was 
_ done for instance after the fourth response‘of muscle No. 12, not only 
was the higher frequency of response retained but periods of unvarying 
response again made their appearance. This would seem to indicate 
that the rapidity of the recurrence of separate responses when such are 
_ distinguishable varies in such cases with the excitability of the part 

stimulated, and suggests that the presence of periodicity at all is 
dependent on impairment of the excitability of the muscular tissue 
at the part stimulated. In equally excitable muscles it would seem, 
however, that the mode of excitation influences neither the frequency of 
occurrence of the periods, nor their absence, in the electrical response of 
muscle. 

The condition whose influence on the response can be most easily 
demonstrated is temperature. When the response is discontinuous 
we find that, as the experiments already recorded with muscles excited 
by currents of lower frequencies might lead us to expect, raising the 

. It may be mentioned that a sartorius muscle of a toad kept for 3 hours and at 20°C., 


_ excited indirectly by the whistle giving 495 and 704 d.v. per second, also gave records in 
which there was no sign of discontinuity. 
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temperature quickens the response-frequency’, and lowering it causes 
it to become slower. This is best seen by comparing the responses 
of the same muscle when excited at different temperatures; and for 
the reason that directly-excited muscles do not retain their excitability 
unimpaired for so long a time and so serve for such long experiments as 
the nerved muscles indirectly excited, experiments made with the latter 
are the most conclusive, though with nerveless muscles the response- 
frequency if not always quickened is at least prevented from becoming 
slower by raising the temperature, and it becomes slower more quickly 
when cooled than would be expected were it not cooled. Photo- 
graphs taken with three muscles, two curarised and one not, ‘each 
at two different temperatures, are reproduced on Plate V. The first 
two record responses of the curarised muscle, No. 6, excited by the 
sound of the whistle giving 495 d.v. per sec., the muscle being at 
11°C. when Ph. 19 and at 6°C. when Ph. 20 was taken; as Table G 
shows the original frequency was restored when the muscle was warmed 
back to about 16°C., though not before. The next two photographs 
record consecutive responses of the curarised muscle, No, 7, excited 
by the sound of f”=704d.v. per second, the muscle being at 15°C. 
when the one (Ph. 21) and at 10°C. when the other (Ph. 22) was taken. 
The last two curves on the plate record responses of the nerved muscle, 
No. 31, excited indirectly by the sound of the whistle giving 704 d. v. 
per second; Ph. 23 being taken after it had. been cooled to 44°C. and 
Ph. 24 after it had been subsequently warmed to 10°C. 
The frequency in which a muscle responds depends so much upon 
= the idiosyncrasies of each particular muscle that one cannot give any 
definite relation between response-frequency and temperature, but by © 
taking the mean of the average intervals of the first periodical 
responses of the twenty-three muscles, Nos. 3, 4, 7—13, 15, 17, 19—23, 
28, 30—32, 34, 35, 37, when excited at temperatures of from 12°C. 
to 19° C., and of the fifteen muscles, Nos. 1, 2, 5—7, 10, 14, 24, 25, 27, 
29—31, 33, 34, when excited at temperatures of from 9°C. to 11°C., 
and finding that in the first case it is 00136 sec. and in the second 
00178 sec. we may consider a frequency of about 73 per second as 4 
characteristic of the response of muscle at the higher temperatures, ; 
and one of about 56 per second as characteristic of it at the lower; 
and since the average interval in the first responses of those muscles, 


1 I use this word for what I should prefer to call the “rhythm” of the response could 
I find any justification for so calling a rapid repetition of CURRENORGRS At SISNET of time 
not absolutely identical with one another. | | : 
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Nos. 6, 8, 14, 30, 31 and 34, which were cooled to still lower tem- 
peratures, t.¢. to from 5°C. to 8°C., is 00218 sec., a frequency of about 
45 per second may perhaps be considered characteristic at such tem- 
peratures; while one of 172 per second is indicated by the average 
duration (0°0058 sec.) of what undulations there are in the photographic 
records of the first responses of the three muscles, Nos. 18, 35 and 36, 
which were excited at temperatures of from 23°C. to 25°C. That the 
response-frequency depends so much upon temperature and so little 
upon the excitation-frequency when this is once sufficiently rapid for 
the stimulus to be considered as a continuous one, may be still more 
definitely shown by comparing the average intervals obtained from 
the first periodical responses of the ten muscles excited at tempera- 
tures of from 12°C.—19°C. by frequencies of both 495 and 704 dv. 
per second, and those of the ten others and two of the same muscles 
excited at temperatures of from 9°C.—11°C. by the same two fre- 
quencies, the average intervals obtained with Nos. 3, 4, 8, 12, 21—23, 
28, 30 and 31 at the higher temperatures being 0°0143 sec. in response 
to b’ and 0°0152 sec. in response to f’, and those obtained with Nos. 1, 
2, 5—7, 14, 24, 25,27, 29-31 at the lower temperatures being 0°0186 
_ sec, in response to b’ and 0°0180 in response to f”. With the five 
muscles (Nos. 6, 8, 14, 30 and 31) which were also excited at from 
4° C.—8°C., the average intervals obtained at such still lower tem- 
perature was 00232 sec. in response to b’ and 0°0235 sec. in response 
to f”. 

In the electrical responses of muscles excited (when unfatigued) 
at temperatures of over 20°C. there was very little indication of 
periodicity at all. Thus there was none in the two responses recorded 
with muscle No. 20 at 23°C.; while of the two muscles of Frog 47 at 
the same temperature, the one (No. 18) gave a continuous response 
after the first few hundredths of a second, the first and only time it 
was recorded, and the other (No. 36) gave such a response almost 
immediately each of the eight times the muscle was excited, as has 
already been mentioned, the photographic records being either perfectly 
smooth curves (the 3rd) or exhibiting two (in the Ist, 2nd, and 4th), 
three (in the 7th and 8th), or four (in the 5th and 6th), undulations, 
all of very brief duration at the very beginning. With muscle No. 35, 
at 25°C., the response also became continuous almost immediately the — 
first three times the muscle was excited, there being respectively three, 
two and one small undulations at the very beginning of the first three 
photographic curves; the fourth response at the same temperature was 
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somewhat less continuous, there being six undulations at the be ginning 
and seven towards the end of the photographic curve recording it, all 
of very brief duration. When the muscle was cooled to 14°C. the 
response-frequency became slower and the period for which the response 
was discontinuous lasted longer at the beginning. On further cooling 
to 12°C. it became still slower and the period persisted the whole of 
the time recorded, as it did also at first when the muscle was sub- 
sequently warmed; the frequency then became quicker, and on further 
warming the muscle to 21°C., the response again became, and this 
time wholly, continuous. 

The fact that discontinuous' responses are obtained just as much 
with curarised muscles as with nerved ones is sufficient to show that — 
the periodicity must’ be a muscular phenomenon. To ascertain 
whether it is so or not entirely, certain experiments were made with 
muscles indirectly excited in which either the nerve or the muscle was 
kept at a constant. temperature, and the temperature of the other 
alone was altered. For this purpose an apparatus consisting. of two 
adjoining moist chambers whose temperatures can be varied separately, 
devised and recently described by Professor Gotch’*, was used. With 
one sartorius and two gastrocnemius muscles the temperature of the 
muscle was kept constant, at 9°C., and that of the sciatic plexus in 
the one case and of the sciatic nerve in the other was varied. With 
the sartorius (No. 29) the first four responses were taken with the 
nerve at the same temperature as the muscle, the next six with it 
at 3°C., the next two with it again at 9°C., and the last six with 
it warmed to from 16°C. to 21°C. Most of them were, as has already 
been mentioned, wholly continuous, only the first three in which muscle 
and nerve were at the same temperature, and the first and last with 
the nerve cooled to 3°C., showing any sign of discontinuity in the 
photographic curves, and such indication as there was being very 
indistinct. With the two gastrocnemius muscles all the records of 
the responses were periodical for about the first tenth of a second, 
and then ceased to be so for the rest of the quarter of a second for 
which the response was recorded; the frequency of the periods was 
no more different in two responses taken with the nerve at different 
temperatures, varying from 16°C. to 4°C., than it was in two responses 
taken with it at the same temperature. When on the other hand the 
temperature of the nerve was kept constant, as was done in the ex- 


1 See footnote, p. 114. | | 
* Gotch and Burch, This Journal, xxrv. p. 412, Figs. 1 and 2. 1899. 
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periment with muscle No. 30, altering the temperature of the muscle 
produced the same sort of difference in the frequency of the response 
as in the other experiments in which the temperature of both muscle 
and nerve were altered together. 

To ascertain whether the length of time a muscle is kept in salt 
solution before an experiment is made has any influence on its electrical 
response, it would again have served little to have made experiments 
_ with the same muscle at different times, since after being injured, even 
though only at one end, a muscle is hardly in the same condition some 
time afterwards as it was when the injury was fresh, to say nothing 
of what the effect might be of its having been previously several times 
subjected to very rapid excitation. The only method to be employed 
therefore is that of comparing the responses of a number of different 
muscles kept for periods of longer or shorter duration. For the reason 
that sartorius muscles used immediately after preparation seem to have 
- less sustaining power than those which have been kept for a short time 
in salt solution they were seldom so employed. If we separate those 
muscles which were either fresh or had been kept for not more than 
a few hours, from those kept for about a day, and those kept for two 
or more days, and estimate the response-frequency from the average 
intervals of the first discontinuous responses as before, we find that 
it was decidedly slower in muscles which had been kept for 24 hours 
than it was in those which were comparatively freshly prepared, but 
that it was not any slower still in those kept for a longer time. Thus 
while the mean duration of an undulation as obtained from the records 
of the first responses of the eleven muscles kept for a short time only 
(Nos. 12, 17, 19—25, 34, 37, setting aside those therefore whose first 
recorded responses were at temperatures above 20°C.), was 0°0126 sec., 
that of the sixteen muscles kept for 24 hours (Nos. 1—4, 7—9, 11, 13, 
27—33), and also that of the five muscles kept for a still longer time 
(Nos. 5, 6, 10, 14, 15), was 0°0165 sec. It must be observed however 
that muscles kept for any length of time were only used in cool weather, 
i.e. when the circumstances were especially favourable for keeping them 
free from bacteria, and that muscles prepared in warm weather were 
usually used very soon after their preparation. Too much significance 
must not therefore be attributed to the effects of keeping alone. 
Responses which were unvarying occurred both with muscles which 
had been kept scarcely at all and in those which had been kept 
for some length of time, but on the whole more frequently in those 
kept from half-an-hour to a few hours, eg. Nos. 19, 20, 21, 26, 35, and 
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36. It was however as completely unvarying as in any of these 
in No. 29, which had been kept for one day, and in No. 16, which had 
been kept, it is true in exceptionally cold weather, for as much as 
four days. 

A few experiments have been made to determine whether or not 
the tension of a muscle has any effect on its electrical response. If it 
has it would be more likely to show itself in response to tetanus, where 
the muscle becomes tense while the response is still being recorded, 
than in response to single excitation, in which case the muscle only 
becomes tense when the electrical response is nearly if not entirely 
over. In most of the tetanus experiments here recorded a weight of 
either 200 or 400 grms. was hung on the axle of the lever which 
indicated (and was sometimes allowed to record) the mechanical 
response, so that the muscle was extended by one of 10 or 20 grms. 
With No. 36, however, responses were recorded alternately with the 
muscle thus lightly loaded (with the 10 grms.), and with it so heavily 
loaded that it could not shorten &t all. The photographic curves of 
the: eight responses which were all, as has been seen, almost wholly 
continuous, were precisely alike in their general form (see Ph. 12) 
under whichever condition tilgagcl was excited. A similar experi- 
ment made with a muscle excited by the 424 fork (Table E, No. 3) 
giving periodical responses, showed that neither the frequency nor 
the general form of the curve was different when the muscle was under 
isometric than when it was under isotonic conditions, and this was true 
whatever the temperature of the muscle, the five responses taken under 
isometric conditions being the 3rd, 6th, 9th, 11th, and 14th. We may 
therefore conclude that the tenseness of a muscle does not affect its 
electrical responses in tetanus any more than it affects the single 
monophasic variation’. 

No experiments have as yet been inal ‘with regard to the 
alteration of the strength of the exciting currents when these 
occur with a frequency of over 1000 per sec.* A few however have been 
made with muscles excited by the sound of the 100 fork, the results 
of which will be more appropriately given here than with the other 
results obtained from muscles so excited, because what we want now 
to investigate is not the reaction of muscle to particular frequencies 


1 See Burdon-Sanderson. This Journal, xxmt. p. 352, Pl. rv. Ph. D and Ph. E., 
1898. 

? The only reason that they have not been made is that the writer has been in- 
capacitated from doing experimental work of any sort for the last few months. 
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of excitation, nor the relation between frequency and strength of 

stimulus, but what it is, in stimuli of any frequency sufficient to produce 
a persistent response, that affects the reaction; and a comparison of 
the results of the experiments with different frequencies so far 
recorded makes it probable that the same sort of effect would follow 
whatever the frequency. The induction coils of the transmitter being 
fixed, the only way of varying the strength of the exciting currents was 
to alter the E.M.F. in the primary ciftcuit. This was done by dividing 
the circuit so that the current could flow in either of two ways, and 
interposing in the new or side-circuit a resistance which could be 
readily varied. The two experiments made indicated that the 1 
Daniell otherwise used as the source of E.M.F. was maximal, at any 
rate for stimuli whose periods were of a duration as short as 0:005 sec., 
for the electrical response of the muscle was practically unaltered when — 
a quarter or more of the current was led through the side-circuit. 
Ph. 30 on Pl. VI. records the response of a muscle (No. 20 of Table B) 
excited by the 100 fork, with 69cm. resistance-wire of a rheochord in 
the side-circuit. It and four other records, taken with the same or 
a greater resistance in the side-circuit, show that the response-frequency 
is mainly one of 100 per second. Ph. 31 was taken with a resistance 
of only 61cm. in the side-circuit, so that there was a larger amount 
of current going through this and a smaller amount through the main- 
circuit; it and two other records taken with the same resistance in, 
show that the rhythm of the response was slower, one of 50 per second 
rather than one of 100 per second predominating. A quicker rhythm 
again prevailed when the resistance in the side-circuit was again 
increased. When still more of the current was sent through the side- 
circuit, as was done in trying to find just the strength needed to 
prevent the excitations from being maximal, the responses of the 
muscle, both electrical and mechanical, became very feeble, the electrical 
one being, with 51cm. in the side-circuit, a series of separated single 
monophasic variations occurring at intervals of 4, 5, or 6 hundredths 
of a second. A similar experiment was made, with a zinc sulphate 
solution serving for resistance, with: muscle No. 19 of Table B, and 
gave similar results. 

In all cases where an electrical response is periodical one oak 
expect it to be competent to produce tetanus in another muscle whose 
nerve is laid upon it. Roth (l. c.) however did not succeed in getting 
secondary tetanus from muscles of frogs excited with high frequencies, 
by the method which he himself was the first to suggest and employ, 
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and which we have used for the experiments recorded above, although 
it has been obtained by Schénlein' from frog’s muscle excited by 
currents of as high a frequency as 560 per second produced by 
Bernstein’s “Stromunterbrecher.” I have found that frog’s muscles 
excited indirectly by the sound of whistles giving 495 and 704 d. v. 
per second are capable of producing secondary tetanus although they 
by no means invariably do so, and that a gastrocnemius muscle gives 
it more‘readily than a sartorius. In a few cases it has not only been 
observed, but the secondary electrical response, as well as the primary, 
has been photographically recorded. One such record obtained from a — 
gastrocnemius muscle excited by the electrical response of another is 
reproduced as Ph. 28 on Pl. VI. The electrical response of the same 
muscle when excited by the direct application to its nerve of induction 
currents of the same frequency (704 d.v. per sec.) is recorded in 
Ph. 29. It will be seen that the periodicity is more marked when 
the muscle was excited by the electrical variations of the other muscle 
than when the currents were applied to it directly. That it was 
also well marked in the gastrocnemius to which the currents were 
primarily applied in the first case, is shown by the subsequently 
recorded electrical responses of that muscle. The length of time 
which elapsed between the breaking of the short circuit and the 
beginning of the response when Ph. 28 was taken would alone serve 
to show that the response was really consequent on that of the 
primary muscle and was not due to direct.excitation by the induction 
currents, but that there might be no doubt upon this point the 
electrical responses of both muscles, when the one was excited by a 
single break induction shock, were likewise recorded, the records of 
the single monophasic variations so obtained showing that the electrical 
latency was more than twice as long in the secondary to what it was in 
the primary muscle. | 

One would also expect any response that is periodical to produce 
a sound when listened to by a sufficiently sensitive telephone, and from 
the experiments with different frequencies of excitation above recorded 
we should expect such sound with low frequencies of excitation (50 or 
100 per second) to be usually the same as that of the exciting sound, 
with higher frequencies (up to 270 per second) to be sometimes the 
same but usually an octave below, with still higher frequencies (up to 
nearly 500 per second) to be, if musical at all, either two or more 


1 Sehdnlein, Archiv f. (Anat. u.) Physiol. 1882, p. 847. 
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octaves below or some other lower note whose vibration-rate bears a 
direct numerical relation to that of the exciting note such as the fifth 
and its octaves, and with frequencies of 500 or more per second to cease 
to be musical at all, the same sort of sound then being produced 
whatever the frequency. In each case we should expect the limits of 
excitation-frequency capable of producing a particular muscle-sound to 
be dependent on the physiological condition of the muscle. These are 
precisely the sort of results which Wedenskii' obtained when he 
listened by means of a Siemens’ telephone to the action currents 
of muscle indirectly excited by currents of different frequencies, In 
frog’s muscle he succeeded in hearing a sound which was the same | 
as the exciting sound with any frequency of excitation up to 200 per 
second (p. 59), but not for any length of time with frequencies over 
30 per second, the periods for which he heard it being shorter the 
higher the frequency. With higher frequencies, or after the first few 
moments with frequencies below 200, he heard a sound which was — 
either a fifth, an octave, or two octaves lower than the exciting sound, 
the lower notes being “ very numerous and varied” (p. 60). He does 
not specify the highest frequency of excitation with which he still 
heard a musical sound in the muscle, but states that as the frequency. 
was further increased or as the muscle became fatigued the musical 
sound gave place to a “ bruit,” and this again in fatigued muscles to a 
“roulement.” The electrical responses whose records with the capillary _ 
electrometer showed marked undulations the durations of which were 
continually varying, would be such as to give rise to a “noise,” What 
Wedenskii describes as a “rumbling” would probably be the sound 
of a response the record of which showed fewer and longer undulations. 
He does not mention having heard no sound at all in cases with rapid 
excitation, though he says (p. 72) that it was sometimes so feeble at 
the very beginning of the response of a perfectly fresh muscle that it 
was difficult to compare it with the sound of the excitor. A response 
' which causes no fluctuations of the mercury column, or such as are 
almost imperceptible when recorded on a rapidly moving photographic 
plate, which we have seen to be chiefly characteristic of fresh or 
especially excitable muscles, might produce either some such very 
feeble sound or one which Wedenskii describes in an earlier paper’ 
as “short and sharp like that of a pulled string.” The effects that 
fatigue of the muscle or insufficiency of the strength of the exciting 


1 Wedenskii. Archiv de Physiol. norm. path. [5] mt. p. 58. 1891. 
* Wedenskii. Archiv f. (Anat. u.) Phisiol. 1883, p. 318. 
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currents have upon the sound as described by Wedenskii, are similar 
to those which I have observed and recorded, the rhythm of the 
response becoming slower the more frequently a muscle is excited and 
the weaker the stimuli. The sound is further described (p. 62) as 
being the same whether the muscles were tense or not. Wedenskii 
did not apparently try the effect on the sound of altering the 
temperature of the muscle. Had he done so he would probably have 
heard the octave (perhaps mingled with the fifth) below, even with low 
frequencies of excitation, when the preparation was eooled; and the 
octave (and perhaps the fifth) above that of the exciting sound when, 
with frequencies not above a 100 per second, the preparation was 
warmed. Nor did he investigate the phenomena in curarised muscles. 
As he found it essential for hearing the sound at all (1883, p. 216) 
to keep the frog’s circulation going it would have been difficult in such 
a preparation so to excite the muscle directly that there should be 
no doubt that the sound heard in the telephone was that of the muscle 
and not merely that of the exciting apparatus. He gives evidence in 
another way of the peripheral origin of what he calls the “ transforma- 
tion of rhythm” by showing that in nerve the rhythm of the response, 
as indicated by a nerve-sound, is still that of the excitor with 
frequencies in response to which the muscle cannot give so high a 
sound (p. 65). The similarity that I have shown there to be between 
the records of the electrical responses of isolated muscles, whether 
curarised or not, furnishes independent evidence of the fact that 
periodicity in response to what may be considered as a continuous 
stimulus is, when it occurs, a muscular phenomenon’. Whether or not 
it is a normal muscular phenomenon cannot, it seems to me, be 
decided until we have succeeded in recording the electrical neapenes 
of a normal contraction. 

Wedenskii (p. 67) says that the “noise” heard when muscles are 
artificially excited by currents of great frequency is “perfectly analogous” 
to that of normal contraction both in pitch and character. If, as one 
can hardly doubt, the sound he heard in muscles excited by currents of 
great frequency is what we have recorded, it would appear that the 
normal response of a muscle is a periodical one, the frequency of 


1 To be certain that there was no escape of induction currents into the muscles 
photographs were now and again taken at the end of an experiment, after ligaturing the 
muscle or nerve between the exciting electrodes and the proximal leading-off electrode. 
The excitation gg as before, the records showed no — of the muscle under the 
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the periods being, for the frog’s sartorius’ at ordinary temperature, 
one of about 75 per second, but Wedenskii’s reference (p. 71) 
to Helmholtz’s well-known experiment with co-vibrating springs 
(showing that a spring of such length as to give 16 vibrations per 
second vibrates more readily than one of any other length when placed 
on an elastic board lying on the contracting muscle of a frog whose 
spinal chord was excited by currents of fairly high frequency) as 
corroborating his views, would seem to show that he considered the 
frequency to be something much lower. It must be very difficult to 
compare the pitch of sounds which are not musical, and it does not 
seem to me that Wedenskii’s evidence of the similarity of the two 
sounds is in itself sufficient to show that the quicker frequency is normal. 

There is more difficulty in recording the electrical response of 
voluntary contraction photographically than in listening to it tele- 
phonically since most spontaneous movements are over almost before 
they can be photographed when the plate cannot be started before the 
contraction begins. Moreover in order to ascertain the response in any 
particular part of the muscle, uninterfered with by that of the other 
parts, it is necessary that one terminal of the electrometer should be in 
contact with a non-contracting part of the muscle and the other with 
the surface of the contracting muscle directly, without the intervention 
of any substance having electromotive properties of its own. This 
signifies that the experiment cannot be made with intact skin-covered 
muscles such as were largely used by Wedenskii. It would be easier 
to record the response when the cerebral cortex is artificially excited 
than that of a spontaneous contraction; and this at any rate I hope 
soon to accomplish. Wedenskii has made such experiments with dog’s 
muscle, showing that whatever the frequency of excitation applied to the 
cortex, the muscle-sound is always the same, and he leads one to suppose 
that it is that of the normal voluntary contraction®. He apparently — 
obtained the same result after an excitation of the cortex, of sufficient 
strength to leave the muscle contracted, had ceased. He nowhere 


1 For the gastrocnemius we should expect it to be rather more rapid than this judging 
from the few experiments with gastrocnemius muscles we have made, in which the average 
interval obtained from the measurement of records taken at ordinary temperatures was 
such as to indicate a frequency of from 90 to 100 per second. 

® Wedenskii. Archiv de Physiol. norm. path. [5] m1. p. 256. 1891. After referring 
to a “‘ roulement” giving place to the normal muscle-sound as the strength of excitation is 
increased, he says, ‘‘A cet égard il ya une analogie compléte entre les effets de Virritation 
de la couche corticale et les effets de irritation des nerfs moteurs par un — 
fréquent.”’ | 
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states however (unless it be in a Russian paper to which he frequently 
refers as embodying the results of earlier experiments) whether there is 


any difference between the normal sound of frog’s muscle and that of 


mammalian muscle such as we should expect there to be if the sound 
were dependent on. such periodicity of muscular response as we have 
recorded, seeing that, as Wedenskii himself (p. 59) shows, mammalian 
muscle can respond synchronously to currents of five times as high 


_ @ frequency as the frog’s can, and that, as I have shown, the nature of 


the muscle and its temperature, even in the same animal, has so much 
influence on the frequency of the response. In the first of his 1891 


papers Wedenskii speaks throughout of having observed the same 


phenomena in frog and rabbit muscle, but whether by this he merely 
means that the one kind of effect gives place to another in the same 
order, or that when the sound has once ceased to be musical it is 
precisely the same in the two animals, is not perfectly clear. The 
experiments I hope shortly to undertake with mammalian muscle 
should decide the question. 

Other observers besides Wedenskii, for instance Lovén' and 
Stern’, have described similar sound-phenomena in mammalian muscle, 
but with a lower frequency-limit for the production of a synchronous | 
sound, not so low however as Wedenskii’s or mine for frog muscle. The 
results are in other respects strictly comparable with mine, although since 
the sound was listened to by a stethoscope it was that of the mechanical 
and not of the electrical processes of the muscle that was heard. The 
results of Stern’s experiments differ however in one respect which it is 
more difficult to understand from those of W edenskii, in that he still 
obtained a synchronous response when the spinal cord or the cerebral 
hemispheres were excited by currents of fairly high frequency, although 
not with a frequency so high as that with which he obtained a synchronous 
response to excitation of motor nerve. 

The response of a muscle in strychnine-spasm, which in so far 
resembles that of normal contraction’ in that the excitation emanates 
from the central nervous system, and the sound of which, both in the 
dog and the frog according to Wedenskii (p. 257), resembles that of 
cortex excitation and that of voluntary contraction, I have already 
recorded in a large number of frogs. The records, as well as Lovén’s 
observations with the capillary electrometer on the voluntary contraction 
of toad’s muscle, which he compares with those he made on frog’s muscle 


1 Lovén. Archiv f. (Anat. u.) Physiol. 1881, p. 377. 2 Stern. loc, cit. 
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in strychnine-spasm', and also Helmholtz’s co-vibrating spring experi- 
ments not only with cortex excitation of the frog but with voluntary 
contraction of mammal’, and Kronecker and Hall’s on the mechanical 
vibration of mammalian muscle excited from the spinal cord and 
registered by Marey’s tambour’, all show that another and much slower 
rhythm (if we may so call it) may be observed in muscle. This rhythm, 
as already shown by Sir John Burdon Sanderson‘, is quite inde- 
pendent of the one we have been considering, differing from it, not only 
in having its origin in the central nervous system instead of in the 
muscle itself, but in the hature of its component parts. Before I go on to 
speak of the records obtained from muscles in strychnine-spasm I will 
give some account of those obtained of the responses of a few muscles 
thrown into a more or less persistent contraction by a single stimulus, 
which although ceasing itself before contraction began usually produced 
in muscle a periodical response similar to that we have been describing. 


II. THE ELECTRICAL RESPONSE OF MUSCLE EXCITED BY THE BREAK 
OF AN ASCENDING GALVANIC CURRENT THROUGH ITS NERVE. 


For these experiments a battery current of two, or sometimes three 
Daniells was used and the galvanic current conveyed through the sciatic 
nerve or sciatic plexus (according as the gastrocnemius or sartorius 
muscle was used) by means of non-polarisable electrodes. Records 
were taken as soon as it was observed that breaking the ascending 
current caused the muscle to give a response of longer duration than 
a twitch. In the earlier experiments a few crystals of salt were placed 
on the anode in order to produce the tetanus more readily, but as when 
this was done chemical action of salt on the nerve subsequent to the 
break of the current might be thought to occasion the periodicity 
seen in the records, the method of increasing the excitability at the 
anode subsequently employed was that of cooling the part of the nerve 


nearest to the muscle ‘by placing it on a glass tube (inside the moist 


chamber) through which iced water was passed. The contraction 
consequent on the breaking of the current was then that commonly 
known as Ritter's tetanus. Records of the accompanying persistent 
electrical changes have only been taken with six gastrocnemius and five 
sartorius muscles. The conditions under which each was excited and 
1 Lovén. Centralbl. f. med. Wissensch. 1881, p. 113. 
* Helmholtz. Wéissensch. Abh. u. p. 929. 1866. 


* Kronecker and Hall. Archiv f. (Anat. u.) Physiol. 1879, Supp. p. ll. 
* Burdon-Sanderson. Proc. R. Soc. uxv. p. 57, Croonian Lecture, 1899. 
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the frequency of the undulations in the records of their responses may 
be gathered from the following table. — 


TaBLeE H. 


The first three frogs were used in November 1897, when the temperature of the room 
was about 12°C., the next six in February or March 1899, when it was 14°C. or 16°C., 
and the last two in July 1900, when it was about 21°C. The temperature of the chamber 

_ and therefore of the muscle was the same as that of the room in those cases in which the 
nerve was not cooled. When it was cooled the muscle was kept as far as possible from 
the iced tube but its exact temperature was not estimated. 


Duration of undulations in thousandths Periods 
of a second between two Number of 
8 
of Numberof number Their unfulations in which 
tthe 
at times of ofundu- average verage in the ex 
Frog Muscle anode duration duration of a second taken periment 
1 Gastroc. Salt — — — about 10 2 1&2 
2 Gastroc. Salt {18 28 103 
3 Gastroc. Salt 12 5 (2) is. WA 1 1t 
10 4 (3) 
12&13 3 each (2) 28 12°2 1 g*! 
| 14 6 (2) | 
4 Gastroc. Cold 7 5 8 36} 1 P 
30. 4 (2) 6 28°6 
5 Gastroc. Cold 19 2 4 ‘ast 360 1 1+ 
3 18°3 135 
19, 32,46 2 each 13 28°3 58, 1 3 
9&10 each 
6 Gastroc.2? Cold {12 8 15°3 1 lt 
18&20 2each 
12 8 (3 7 11°6) 1 9 
| 30 5 (4 7 29°6; 
| 15 2 1 4 
28 4 (2) 9 24-0) 
7e(ii) Sart. Salt 12,18,14 2 each 8 15° 
i . & 22 1 2 
i 28 8 (2) 5 22°4 
11,16,20 2 each 
3 20 19°5 1 8 
28 5 (3) 
8 Sart. Cold 12 3 5 14'8 275 1 1t 
240 & 244 2 2 & 5t 
respectively 
14 3 7 15°7 154 1 8 
15 2 8 180 290 1 
10 2 4 190 1 
37 3.(2) . 7 37°0 260 
| | 
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1 Pl. VIL, Ph. 34. 
2 The records of all the responses obtained with this muscle show an initial effect 


resembling a single monophasic variation before the tetanic effect begins. 
3 Pl. Ph. 38. 


‘ Pl. VIL, Ph. 32. The fourth is the one reproduced. 


The first four gastrocnemius muscles, three of which were excited 
when there was salt on the anode, were those of autumn frogs, and 
the fourth of which was of a spring frog excited in such a way that 
there could be no question of chemical action on its nerve, went, almost 
immediately the current was broken, into a steady spasm; the other 
two, which were of spring frogs, gave less steady contractions, those of 
the fifth resembling rather a series of twitchings than a persistent 
contraction. The mechanical responses of the five sartorius muscles, 
which were all of spring or summer frogs, and especially those of the 
last three, were little longer than those produced by single induction 
shocks. 

The photographic records of the electrical responses of the first 
three gastrocnemius muscles were very similar both in general form 
and frequency of undulations to those obtained from muscle excited by 
currents of high frequency. One record taken with Frog 3 on a plate 
taking over a third of a second to pass is reproduced (Pl. VIL., Ph. 34), 
and shows a periodical response in which undulations recur at irregular 
intervals with a frequency of about 80 per second. The records of 
the electrical responses of the sartorius muscles show that in some 
eases there was a remarkable regularity in the recurrence of the 
undulations; their frequency was usually slower than in the records 
of muscles of the same temperature excited by currents of high 
frequency, but the undulations themselves are so similar in form that 
the identity of origin of the phenomena represented, whichever mode of 
excitation was used, can hardly be doubted. The regularity is shown 
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in a photograph taken with one sartorius of Frog 7 at 16°C. reproduced 
in Ph. 33, the response-frequency being one of about 40 per second. 
Other records taken with the same muscle show that sometimes at the 
beginning of the response undulations occurred with about double the 
frequency; this was also the case with the other muscle of the same 
frog and with the gastrocnemius muscle of Frog 4; it is denoted in 


the table by giving the average duration of an undulation for each 


part of the response separately, even when there was no break be- 
tween them, the one below the other in column 7.. The frequency of 
the undulations in the responses of the other gastrocnemius muscles 
was also slower than we have found it to be in such muscles when 
continually receiving fresh excitations. We might have attributed this 
fact to the proximity of the muscle to the iced tube passing through 
the moist. chamber in these experiments were it not for the evidence of 
the sartorius muscles. : 

Photographs taken with the gastrocnemius of Frog 5 and with the 
sartorius of Frog 8 show a grouping of the undulations, the groups 
sometimes being separated by periods in which there were none and 


_ which were such as to indicate cessation of electrical changes altogether. 


The lengths of the periods from the beginning of one set of changes to 
that of the next are given in the eighth column of the table. The 
periods are such as recall those that occur in the responses of muscles in 
strychnine-spasm to be referred to immediately, but are altogether 
wanting in regularity both as regards their duration and the amount of 
the electrical change taking place in them, the general form of the 
curves of successive periods varying greatly, and undulations such as we 
regard as being of muscular origin being present on some of them and 
not on others. Thus in the photographs taken with the sartorius, 
which show only one whole period and the beginning of another, the 
rise of the curve is in each case considerably less steep and usually 
devoid of undulations in the second period; in the sixth photograph 
only are there undulations on the curve of the second period, and the 
frequency with which they occur is a much slower one than in the first 
period ; in the second and fifth photographs the general contour of the 
first as well as of the second period was an even line. 

The responses of the last two sartorius muscles were all taken on 
plates passing with more than twice the rapidity of the others. Each 


records a single period of electrical change, which was constant in the 


first few responses of the sartorius of Frog 10, but was varying in 


the ldter ones, and in all those of Frog 9, the frequency of the undula- 
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tions being however a slow one considering the temperature. The period 
was usually over before the plate had finished passing the slit, but in one, 
the record of which is reproduced in Ph. 32, it lasted for a longer time. 

The experiments just recorded show that any chemical action salt 
may have on nerve does not materially alter the muscular response. 
Records taken of the response when a constant current through the 
nerve was made instead of ‘broken, the kathode instead of the anode 
_ being nearest to the muscle, one of which was reproduced by Sir John — 
Burdon-Sanderson some years ago’, show that the response is also 
similar in such case. If we may regard tetanus obtained by the 
excitation of salted nerve, Ritter’s tetanus, and that produced by the 
make of the constant current through nerve as the same phenomenon, 
the evidence I have given of the similarity of the electrical response of 
muscles so excited and those excited by currents of high frequency is in 
accordance with Wedenskii’s statement that the sound heard in the 
telephone is the same in the two casés’, and since Bernstein’ finds it to 
be the same, when listened to with a stethoscope, in muscle with its 
nerve chemically excited as in voluntarily contracting muscle, we might, 
granting with Wedenskii that the sounds of the mechanical and 
_ electrical responses are identical, again be led to conclude that the 
“rhythm” in voluntary contraction is a quick one, varying in frog’s 
muscle from about 40 to 80 per second. But Bernstein admits 
the possibility of the pitch being higher in chemically produced tetanus 
than it is in voluntary contraction, and, as I have said before, evidence 
stronger than that of a comparison of two non-musical sounds is needed 
to convince one of their identity. The electrical response of frog’s 
muscle excited by the make of a constant current through its nerve was 
also listened to by v. Frey‘, who seems to regard the response-frequency 
as a much slower one, since he not only heard it but also observed it 
‘under the low power of a microscope with a capillary electrometer, and 
estimated the oscillations of the’ mereury column which ‘he saw as 
having a frequency of only 10 or 15 per second. The result of 
experiments with the physiological rheoscope made by Friedrich® and 
v. Frey® on the muscles excited by the make or-break of constant 

’ Burdon-Sanderson. This Journal, xvi. Pl. 3, Fig. 1, 1895. 

* Wedenskii, Archiv f. (Anat. u.) Physiol. 1883, p. 821, compares the sound 
obtained when muscles were excited by means of the Ton-Inductorium giving 5000 stimuli 


per second and that when chemical excitation was used. 
* Bernstein. Archiv f. d. ges, Physiol. x1. p. 195. 1875. 
*¥. F rey. loc. cit. p. 55. 
* Friedrich. Sitzwngsber. Akad, Wien. uxxu. p. 416. 1875. 
$v, Frey. loc. cit, p. 58. 
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currents through the nerve, showing that it is only if the contraction of 
the primary muscle is unsteady that the secondary responds by more 
than a single twitch, and that when it is steady in the primary it often 
fails to produce even a twitch in the secondary muscle, are quite such 
| as one might expect from my records, which show that even when the 


response is periodical the electrical changes including the initial one 
take place much less abruptly in muscles excited by the break of the 
constant current than in those excited by rapidly repeated induction 
currents’. 
III. THE ELECTRICAL RESPONSE OF MUSCLE TO. REFLEX 
EXCITATION. 


When a single stimulus is applied to the skin of a frog whose spinal 
cord has been rendered abnormally excitable by the injection of about 
000003 grm. of a strychnine salt the muscles go into spasms, which are 
usually so steady while they last that a lever attached to any one of 
them writing on a horizontally-moving surface describes either a 
perfectly straight horizontal line when the muscle is fully contracted, 
or one which shows very minute teeth of which 8 or 10 occur in a 
| second. The electrical responses which accompany such contraction 
| are various, but records taken with 81 muscles (62 sartorius and 
| 19 gastrocnemius) of 66 frogs, all of necessity freshly prepared and 
while the frog’s circulation was maintained, but otherwise arranged in 
the same way as for the previously recorded experiments, show that 
there are three main types of response, an example of each of which 
taken on a plate moving so slowly as only to finish passing the slit one 
| and a half seconds after the moment of excitation, is reproduced on 
| Pl. IX. (i) A sudden electrical change may take place and persist for 
i a longer (Ph. 46) or shorter (Ph. 45) time and then as suddenly cease, 
eal the record of such an event being a curve, the general form of which 
ia is similar to that of a curve of the response of an artificially produced 

a@ tetanus when taken on a plate moving at the same rate. (ii) Sucha 
persistent electrical change may be followed by a series of lesser changes 
| of the same kind, usually shorter in duration, and these may begin to 
| ; appear either after the first persistent change has nearly or quite 
ie ceased or very soon after it has begun, the records thus showing a curve 
like that of an artificially produced tetanus at the beginning; followed 
| by a series of smaller or shorter curves of the same kind, the series 


: 1 In comparing the curves it must be remembered that had the responses represented 
i in Ph. 38 and Ph. 34 been taken on plates moving at the same rate as those with which 
most of the responses of muscles excited by currents of great frequency here e 
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beginning either after the descent of the larger curve (no example 
reproduced) or at the top of the ascent (Ph. 49) or at some intermediate — 
point (Ph. 47). (iti) The first electrical change may be neither longer 
nor stronger than the others, the records (Ph. 48 and Ph. 50) showing 
a series of similar curves, each having the character of a tetanus 
response. These three types of response may occur and have been 
recorded (Ph, 45-49) in one and the same muscle in succession when 
the effect of the alkaloid on the central nervous system is just beginning 
and is coming on rapidly; or responses of any two of the types only 
may occur, type i sometimes passing directly into type iii in successive 
responses. With most frogs however all the responses, even in experi- 
ments lasting for as much as an hour, were of one of these types only. 
With 12 muscles we obtained responses of type i alone, with 9 those of 
type ii, and with 50 those of type iii alone; those of types i and ii and 
of types ii and iii together each in 2, those of types i and iii together 
and of types i, ii, and iii together each in 3. We have not found it 
practicable so to regulate the dose and the other conditions of making 
the experiment as to produce any one type with certainty, since so 
much seems to depend on the individual peculiarities of the frog. 

What we have recorded is precisely what Lovén long ago observed 
and described'. He saw the same three types of response, succeeding 
one another in the same order, with gastrocnemius muscles of strychnine 
preparations connected with a capillary electrometer. A response of 
the first type he regards as characteristic of a stage in which the only 
effect of the drug has been to increase the excitability of the nerve 
centres, that of the third type as a stage in which other effects. have 
followed. In this later stage he saw about eight oscillations of the 
mercury column in a second. Our records show the same sort of 
frequency for the series of short persistent effects. If we consider the 
69 muscles whose responses were wholly or in part of types ii or ii 
we find that they had a frequency of from 10 to 12 per second in 24, 
of 7 or 8 per second in 18, of 5 or 6 per second in 12, and of 4 or less 
per second in 5, while in 10 the frequency varied in successive responses, 
this being due in three instances to a change of temperature of the 
moist chamber in which the frog lay, the persistent effects following one 
another at longer intervals the cooler the frog. 

Just as with muscles artificially tetanised or tetanised by the break 
of an ascending current through the nerve the response sometimes 
shows sign of a periodicity which we have shown to be of muscular 
origin and sometimes doves not, so the strychnine response, whether it is 


: 1 Lovén. Centralbl. f. med. Wiss. 1881. | 
10—2 
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| wholly persistent or whether it is interrupted at intervals, sometimes 


gives and sometimes fails to give indication of such periodicity, 
te. the photographic curves of whichever type of response may or 
may not show small undulations, each resembling the single mono- 
phasic variation and occurring with a frequency of from 40 to 100 per 
second, on the larger waves which occur with a frequency of from about 
4 to 12 per second and which each represent the effect not of an 
instantaneous but of a prolonged stimulus. For the purpose of com- 
paring the responses with those of muscles thrown into persistent 
contraction by artificial tetanus or by the break of the ascending 
current it is desirable to use records taken on about the same rate of — 
plate. Such a record of the first type of response given by a sartorius 
muscle is reproduced as Ph. 36 on Pl. VII. It shows that it was 
periodical, the frequency of the undulations being about 43 per second 
and thus nearly the same as in the sartorius whose response to excita- 
tion by the break of a constant current is represented, as it appears on 
a plate moving at the same rate, in Ph. 33. Of the 20 muscles (all but 
three of them sartorius muscles) which gave responses of type i at all, 
11 gave responses which were periodical, the average interval between 
two successive undulations on a photographic curve varying from 0°0133 
to 0°0280 sec. and being on the average 0°0189 sec. indicating a frequency 
of about 53 per sec., while the other 9 (of which one was a — 


_ gave responses which were apparently constant. 


Ph. 87 records the fifth response of a muscle of which the first four 
were wholly, and which is itself mainly, of the first type. Such 
undulations as there are on the curve occur with a greater frequency 
than in Ph. 36 and in two groups; those in the first group (rather 
difficult. to see in the reproduction) occur with a frequency of 76 per 
second, and those in the second with one of about 90 per second. These 
two short undulatory periods succeed one of 0°13 sec., which we should 
call an unvarying one were it not for the presence of one undulation 
of 0°020 sec. on the photographic curve. Thus the general-curve of the 
response for that first four-tenths of a second for which it was recorded 
resembles that of a muscle artificially tetanised with undulations present 
on some parts of it and not on others, and differs from it in being inter- 
rupted at intervals of about twelve-hundredths of a second. With the 
greater number of strychnine preparations used the recorded muscle- 
responses show that such interruptions were of longer duration. 

It may be of some assistance in judging of the nature of the 
excitation and of the interruptions to it, to compare the photographic 
record of the electrical response of a muscle in strychnine-spasm with 
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that of an artificially tetanised muscle in which the tetanisation was 
interrupted at intervals. For this purpose Ph. 35, taken with a 
curarised sartorius so arranged that the muscle in shortening itself 
broke the primary circuit, and in relaxing made it again, has been 
introduced. In comparing it, for example with Ph. 38 which records, 
on a plate moving at the same rate, the response of a gastrocnemius 
muscle in strychnine-spasm, it will be seen that the particular artificial 
stimulation employed was stronger and lasted for a longer time than the 
oné of central origin, and that while the response to each period of 
stimulation indicated the frequency of the excitations, one of about 
50 per second, in the one case, it indicated in the other a frequency 
similar to that we have shown the muscle to be itself capable of 
originating in response to a stimulus which is not in its nature or is 
not to be considered as a discontinuous one, ¢.e. a continually varying 
one of from 90 to 100 per second, as indicated by the seven un- 
dulations on the curve of the first and the six on that of the second 
period’. The duration of an interruption of the artificially produced 
tetanus, indicated by the fall-on the general-curve, was also, in this 
particular instance, longer than an interruption of the stimulus of 
central origin, and the fall of the curve in the case of the artificial 
tetanus at least is known to be the record of total cessation of 
stimulation. The interval between the beginning of the first and 
that of the second period in the strychnine response was about a fifth 
of a second, and there was another nearly as long before the beginning 
of a third period. The curve shows therefore that about five separate 
stimuli were proceeding from the spinal cord in a second in this frog, 
and that each stimulus was producing not an instantaneous but a 
prolonged response of the muscle. When the response to each was 
itself periodical the frequency of the undulations on curves taken with 
sartorius muscles varied from 50 to 100 per second, and therefore as 
much as in the records of similar muscles excited by currents of high 
frequency. The average frequency, as estimated from such curves as 
were measured’, was one of about 68 per second. 

Out of the 69 muscles whose responses were wholly or in part of 
types 11 or iii, 31 put no periodicity of their own into the responses to 
separate stimuli from the central nervous system, and 13 more put a 

1 A comparison of the undulations with those on the curve of the gastrocnemius excited 


by the break of the constant current shown in Ph. 34 may readily be made, the two records 
being taken on plates moving at the same rate. 

* The durations in 37 periods in the muscle-responses of 9 frogs were alone accurately 
measured. The frequency in successive periods was seldom precisely the same, though 
the general forms of the curves were always similar. 
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periodicity into certain of them and not into others, the general form 
of the curves of each period in any one record or in any number of 
records taken with the same muscle being however the same whether or ~ 
not there were undulations present on it. On Pl. VIII. the responses 
of three sartorius muscles producing no periodicity of their own are 
recorded on plates moving at about the same rate as those on which 


the steady responses to artificial tetanus on Pl. III. were recorded’. 


The frequency of the excitations from the spinal cord was, in the two 
frogs at the temperatures (8° C. and 14°C. respectively) at which Ph.°40 
and Ph. 41 were taken, similar to that of the frog with which Ph. 38 
was taken. The durations of what by analogy we may call the periods 
of stimulation and of interruption of stimulation were more similar in 
the frog with which Ph. 41 was taken, the first period being much 
shorter and the interruption period much longer in the other case. In 
neither of the muscles did a single central excitation evoke a periodical 
response although in the one with which Ph. 41 was taken the response 
was much stronger for the first 0°015 sec. than it- was afterwards. Such — 
stronger initial responses, indicated by the greater initial steepness of 
the curve, occurred in 11 out of the 31 muscles, and were present in 
most of the separate responses to central excitations of any one 
muscle, though they might be present in all the responses of one 
muscle and absent in all those of another of the same frog. They 
may be compared with the stronger initial response to artificial 
stimulation by currents of high frequency in many of the muscles 
whose continuous responses are recorded on Plate III. The frog with 
which Ph. 39 was taken and which was then at 10°C. gave a somewhat 
more rapid succession of excitations from its spinal cord at that tem- 


perature, t.e. one of nearly 8 per second, the response to each of which 


has been analysed by the method which is a modification of Burch’s 
described by Sir John Burdon-Sanderson’, and is such as to indicate 
that after a gradual rise of difference of potential between the two 
contacts for the first 0°03 sec., it persists at its maximum for about 
0:02 sec. and then declines, a similar persistent difference of potential 
coming into existence about 0°07 sec. later. With all three muscles 
records were also taken at other temperatures; these serve to show 
that while the character of the response was not altered, the periods of 
stimulation and of non-stimulation were each shorter at higher, and 
longer at lower temperatures. In two of the frogs the frequency of 

1 Ph. 40 and Ph. 41 were taken on plates moving at precisely the same rate as all 


those on the first four plates, and Ph. 39 on one moving at very nearly the same rate. 
? Burdon-Sanderson. This Journal, xx. p. 827. 1898. 
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the excitations at 15 or 16°C. was 11 per second, while at 8°C. it was 
6} per second in the one case, and 5 per second in the other. I do 
not propose here to enter into greater detail with regard to the nature 
of the responses to separate central stimuli in these and other 
strychnine frogs since the subject is to be discussed before long and 
with more authority by Sir John Burdon-Sanderson. 

Comparing the results of his observations with the physiological 
rheoscope, the stethoscope and the capillary electrometer on the muscles 
of frogs in the third stage of strychnine-spasm and on those of toads 
contracting voluntarily, Lovén, as has already been stated, came to the 
conclusion that such frequency as we have shown to be that of the 
more or less persistent responses to separate stimulations of central 
origin is normal. Although it varies with the temperature of the frog 
it was never quicker than about 14 per second (it being only once as 
quick as this) and was never slower than about 3 per second, and was 
usually between 5 and 11 per second, in the frogs whose responses I 
have recorded. The frequency in mammals would probably be different 
to what it is in frogs judging by the difference v. Limbeck has shown 
there to be between the oscillations in the mechanical responses of the 
muscles of amphibians and of mammals in strychnine-spasm, the 
frequency of which I find (from records taken simultaneously of the 
mechanical and electrical responses of a large number of the muscles 
of strychnine-frogs) so closely corresponds with that of the separate 
electrical responses of central origin. Von Limbeck? estimates their 
frequency as varying from 3 to 9 per second in the frog and from 10 
to 19 per second in the rabbit. The frequency in the mammal recalls 
that which Helmholtz, from his experiments with co-vibrating springs, 
deemed to be that of the responses in voluntarily contracting mammalian 
muscle, The frequency in the frog is however usually lower than it 
was estimated to be by Helmholtz in muscles contracting in response 
to spinal cord excitation. 

The fact that the electrical responses occurring with this frequency 
are not such as occur to instantaneous stimuli serves to explain the 
failure of Wedenskii to obtain the normal muscle-sound from 
muscles artificially tetanised by induction shocks of the frequency 
supposed by Helmholtz to be the normal one’. As he suggests 
stimuli of some other kind would have to be used in order to syn- 
thetically produce a contraction like a normal one with a frequency 
of excitation no greater than 18 per second. v. Kries*, who. is in- 

4+ v.Limbeck. Archiv f. path. u. exper. Pharmakol. xxv. p. 181. 1889. 
* Wedenskii. Archiv f. (Anat, u.) Physiol. 1883, p. 824. 
*v. Kries, Ber. Naturf. Ges. Freiburg, vm. p. 204. 1882. 
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clined to regard the normal excitation of muscle as a continuous one, 
compares the normal response to that of muscles excited by slow linear 
currents such as those of v. Fleischl’s Orthorheonom. v. Fleischl? 


himself points out that the contraction of a muscle excited by such 


slowly developing currents resembles normal contraction in being 


- incapable of producing secondary contraction in a physiological rheo- 


scope. Such stimuli might therefore serve the purpose. 
Wedenskii’s hypothesis (loc. cit. p. 260) that the “rhythm of 
normal muscular contraction” is one of purely peripheral origin does 
not seem to me to hold good now that we have been able to put on 
record and to compare the two different phenomena which he and — 
Lovén have described. Our records seem to show that what he calls 
“transformed rhythm” is by no means an essential phenomenon of 
the contraction of normal muscle. It may indicate as he suggests 
that there is in skeletal muscle something analogous to what in cardiac 
muscle is called a refractory period, or as he expresses it, each action- 
current may leave behind it a phase of depressed excitability which is 


_ succeeded by one of augmented excitability, but that such phases occur 


in perfectly fresh normal muscle seems to me to be doubtful in the 
light of the evidence we have deduced that a periodicity having its 
origin in the muscle is most frequently absent in the responses of 
muscles which are in good condition with regard to their excitability. 
We have shown that it may occur side by side with a periodicity of 
central origin, thus recording what Wedenskii describes (p. 263) as 
“heterogeneous oscillations occurring simultaneously with a dominant 
rhythm,” and we suggest that the new method of ‘studying such a 
complicated phenomenon as the “rhythm” of normal contraction, which 
Wedenskii says (p. 265) is required, is furnished by the capillary 
electrometer when its movements are recorded on a rapidly moving 
surface, 


IV. THE ELECTRICAL RESPONSE OF VERATRINISED MUSCLE 
TO A SINGLE INSTANTANEOUS STIMULUS. 


It has already been pointed out by Sir John Burdon-Sanderson’* 
that the electrical response accompanying the persistent contraction 
into which a muscle acted upon by an extremely weak dose of veratrine 
is thrown in response to a single stimulus has the character of that of 
an artificially tetanised muscle. Several experiments have been made 


- with sartorius muscles veratrinised after their removal from the frog in 


1 Fleischl. Sitewngsber. Akad. Wiss. Wien, uxxxn. (Abth. m.), p. 153. 1880,(1881). 
_* Burdon-Sanderson, Croonian Lecture. loc. cit. p. 58. 
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the way described in a former paper' and prepared and arranged in the 
same way as for the experiments above recorded, some of them curarised 
and excited directly, others nerved and excited either directly or in-— 
directly by a single break induction shock. The records show in one 
respect a marked agreement with one another: the persistent electrical 
change which in every case accompanied a persistent mechanical one 
was in every case an unvarying one after, at most, the first few 
hundredths of a second, and it was so however many times the muscle 
was excited whenever the response was a persistent one at all. A record 
taken with a curarised sartorius which had been kept for 4 hours in 
20 c.c.'0°6 */, salt solution to which seven drops of a 0°001 °/, veratrine 
sulphate solution had been added is reproduced as Ph. 43. It was taken 
on a plate moving at the same rate. as all those with which the last five © 
photographs on Pl. VII. were taken and is typical, as far as the absence 
of any indication of periodicity in it is concerned, of the responses of the 
greater number of veratrinised muscles. It shows, and an analysis of 
the curve shows still more clearly, that there was a stronger electrical 
change at the very beginning, but that after, in this case, the first 
0:020 sec., there was a very steady and constant difference of’ potential 
between the acting part of the muscle under the proximal electrode 
and the non-acting part under the distal electrode. An initial response 
of the same kind similar to a single monophasic variation was indicated 
in the records of the other veratrinised muscles experimented with also. 
As a rule there was only one such response, but with one muscle, also 
excited directly after being kept for a few hours, there was more than 
one, as a record reproduced in Ph. 42 shows. The record was taken on 
a plate moving at the same rate as when the two records of muscles in 
strychnine-spasm reproduced just above it were taken. It is seen that 
after the steep initial rise (which may be compared with that in Ph. 41) 
indicating the stronger initial effect and lasting about 0°010 sec. there 
are two other just distinguishable undulations on the photographic 
curve, each lasting about 0°015 sec. This is the only indication that 
there was of anything like a periodicity in the electrical responses of 
any of the 15 veratrinised muscles for which these were recorded. Why 
it is that a muscle when so treated fails to give the periodical 
response a normal muscle gives so readily to any stimulus causing 
persistent contraction is a matter for future investigation. The 
unvarying response in veratrinised muscles and that occasionally 
occurring in normal muscles, more often in response to stimuli of 
central origin than in response to artificial tetanisation of motor 
? Buchanan. This Journal, xxv. p. 188. 1899. 
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nerve, serve to show that such periodicity as a musele is capable of 
originating is only originated by it under certain circumstances which 
we cannot at present more clearly define. It and the response of the 
muscle to the break of the constant current through nerve and the 
response of muscle in the first stage of strychnine-spasm all serve to 
show further that it is not necessary that a series of stimuli should 
reach the muscle in order that it may be thrown into a persistent 
contraction; while the strychnine responses of the other types show 
that when it is such a series of stimuli that excite it the series is not 
one of instantaneous stimuli. 

Ph. 44 records the effect secbeniil on the electrometer by letting 
suddenly into it a definite persisting difference of potential not due to 
changes taking place in the muscle. It was taken immediately after 
Ph. 43 had been taken, the same muscle (at rest) being in the circuit in 
order that the resistance might be as nearly as possible the same, and — 


‘on a plate moving at the same rate. Such records have been taken 


with most of the veratrinised muscles as well as with many of the | 
tetanised normal muscles whose currents of action have been recorded. 
By means of them the differences of potential between the particular 
part of the excited muscle under investigation and that part of it where 
no electrical change was taking place can be ascertained. In this 
paper no reference has been made to the actual difference of potential 
as so ascertained, nor to the physiological significance of the varieties of 
general form of the photographic curves exhibited in the several kinds 
of persistent state of excitation in muscle.. It is a subject on which a 
paper is now in preparation by Sir John Burdon-Sanderson, in whose 
laboratory the researches here recorded were made. I desire to express 
to him my obligation for the opportunities of carrying them out which 
during the last few years have been afforded me. 

I shall be glad, if applied to, to provide any physiologist wishing to 
convince himself of facts here stated with prints taken directly from 
any of the photographic plates. 


SUMMARY. 


I. The electrical response of muscle in persistent contraction, as 
indicated by records of the movement of the meniscus of the capillary 
electrometer when the one terminal is in connection with the excited 
muscle and the other with a part of it which is prevented from being 
excited, is sometimes undulatory and sometimes not. 

Il. The undulations may be of two kinds, differing from one 
another in duration, in character, and in origin. 
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III. The one kind, only occurring in the responses of muscles 
excited from the central nervous system is exhibited in the records of 
the reflex spasm of strychnine. They succeed one another 4 to 12 times 
in asecond. The frequency of their recurrence indicates the frequency 
of separate excitations emanating from the central nervous system. 
The record of each has the character of that of a short tetanus response 
and may or may not exhibit undulations of the other’ kind. The — 
precise nature of the conditions under which these undulations of 
central origin are present or absent are not here discussed. 

IV. The second kind of undulation, occurring in the responses 
of nerveless as well as of nerved muscles, is exhibited in the records 
of muscles excited (i) either directly or indirectly by instantaneous — 
stimuli succeeding one another with such rapidity that the stimulus 
may be considered as a continuous one, (ii) indirectly by the break of 
an ascending galvanic current, and (iii) by the stimuli of central origin © 
in a strychnine preparation. They succeed one another with 9 or 10 | 
times the rapidity of the undulations of central origin. The frequency 
of their occurrence does not indicate the nature of the stimulus, but is 
determined by the physiological condition of the muscle. The record of 
each has the character of that of a response to a single instantaneous 
stimulus, t.¢. of a single monophasic variation. They succeed one another, 
as a rule, at irregular intervals. 

V. The rapidity with which instantaneous stimuli must succeed one 
another in order that the stimulus may be considered a continuous one, 
has been determined for frog’s muscle to be one of about a thousand 
(500 d. v.) per second, since there is no difference to be detected between 
the response to this and to higher frequencies. 

VI. Rhythmically recurring instantaneous stimuli of lower fre- 
quencies may so modify the response that the frequency of the 
undulations assumes a relation to the exciting frequency. Such relation 
is indicated by the more frequent occurrence of certain intervals. It — 
is little marked with frequencies only slightly below 500 dv. per 
second but becomes more and more marked the lower the exciting 
frequency. The relation which the intervals between successive un- 
dulations bear to the intervals between the instantaneous stimuli 
producing the state of excitation, is such that the interval between 
that number of double vibrations as comes nearest to the average 
interval occurring in response to what may be considered continuous 
stimulation, is most frequently represented. Thus with an exciting 
frequency of about 460 d.v. per second it is as if every sixth double 
vibration were most often effectual, with one of about 420 d.v. per 


4 
be 
4 
3 
af < 
7 
¥ 
A 
A 
x 
a 
be 


‘second every fifth, with one of about 350 d. v. per second every fourth, 


with one of about 270 d.v. per second every (third or) second. With 
one of 100 d.v. per second, in the greater number of cases, every 
double vibration appears to be equally effectual, as is also usually the 


case with any lower frequency. Sometimes with lower frequencies 
each single vibration is effectual. 


VII. That the frequency of the undulations varies with the 
physiological condition of the muscle, just as the duration of the single 
monophasic variation varies, is shown chiefly by the influence of the 
temperature of the muscle upon it. The curves taken with a muscle 
at high temperatures show much more frequent undulations than those 
taken with it at lower temperatures, whether the frequency of ex- 
citation is such that that of the response is related to it or not. 

VIII. The most rapid rhythm a frog’s sartorius is capable of 
responding in we have determined to be one of about 270 per second, 


_ but it never itself originates so rapid a response-frequency even when 


at high temperatures. The greatest frequency indicated in the response 
of a muscle excited by what may be considered a continuous stimulus 
was one of 175 per second; this was in a muscle at 23°C. (Table G, 
No. 18). The response-frequency is however seldom higher than 100 
per second. In a freshly excited muscle it is seldom lower than 50 
per second. When left in a state of excitation by a stimulus which 
has itself ceased, as by the break of the constant current through its 
nerve, the muscle usually gives a slower response-frequency than it 
does when excited by a continual succession of stimuli. 

IX. The conditions under which undulations of muscular origin: 


are absent, t.¢. those under whiclthe response appears to be unvarying, 


are not easy to determine. They may be wholly absent both in 
response to a stimulus in its nature discontinuous, even when the 
component stimuli have a frequency no greater than one of 100 d.v. 
per second, and to a stimulus which is not in its nature, or cannot be 
regarded as, a discontinuous one. We have only found one kind of 
persistent contraction which is invariably accompanied by a steady and 
not a fluctuating persistent electrical effect. This is that of muscle 
acted upon by an extremely weak dose of veratrine and excited by a 
single instantaneous stimulus. When excited bya stimulus in its nature 
discontinuous, a normal muscle shows no sign of this discontinuity in 
its response most frequently when it is at a high temperature and when 
it is in good condition with regard to its excitability. 

X. The photographic records have given a preciseness which was 
much to be desired, to what was to some extent already known with 
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regard to the electrical response of muscle in different kinds of persistent 
contraction, and the method promises to give more certain information 
than we have at present with regard to the nature of roy 


contraction. 
EXPLANATION OF PLATES. 
II. 
Ph. 1. Electrical 1 response of nerved sartorius of R. temp., after being kept 


13. 


- for 24 hrs. in 0°6°/, salt solution. 13°C. Sciatic plexus excited 


by the sound of a fork giving 50 d.v. per sec. March, 1900. 


The same at 8° C. 


Electrical response of nerved sartorius of R. temp., kept for 24 hrs. 
in 0°6 °/, salt solution. 63°C. Sciatic plexus excited by the sound 
of a fork giving 50 d. v. per sec. March, 1900. 


. The same subsequently at 16° C. 
. The same subsequently at 20° C. 


Electrical response of nerved sartorius of R. temp., kept for 1 hr. 
17°C. Sciatic plexus excited by the sound of a fork giving 100 


d.v. per sec. (See Ph. 8.) Sept. 1900. 


Puate ITI. 


Electrical response of curarised sartorius of R. temp., kept for 5 
days. 15°C. Upper end of muscle excited by the sound of a fork 
giving 100 d. v. per sec. March, 1900. | 

Electrical response of the same nerved sartorius of R. temp. to 
which Ph. 6 refers. 27°C. Sciatic plexus excited by the sound 
of a fork giving 100 d. v. per sec. as before. 

Electrical response of nerved sartorius of R. temp., kept for 1 hr. 
24° C. Sciatic plexus excited by the sound of a fork giving 352 
d, v. per sec. (f’.) Sept., 1900. 

Electrical response of a sartorius of FR. temp., kept for 4 days. 
15° C. Upper end of muscle excited by the sound of a whistle 
giving 495 d. v. per sec. (b’.) March, 1900. | 

Electrical response of a nerved sartorius of 2. temp., fresh. 12°C. 
Sciatic plexus excited by the sound of a whistle giving 495 d. v. 
per sec. (b’.) March, 1900. 

Electrical response of a nerved sartorius of R. temp., kept for 2 hrs. 
24°C. Sciatic plexus excited by the sound of a i re giving 
1056 d. v. per sec. July, 1900. 


Puate IV. 


Electrical response of a nerved sartorius of R. temp., kept for 2} hrs. 
24°C. Sciatic plexus excited by the sound of a fork giving 270 
d. v. per sec, (c%.) Sept., 1900. 
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Ph. 14. 
Ph. 15. 
Ph. 16. 


Ph. 17. 


Ph. 18. 


Ph. 19. 


Ph. 20. 
‘Ph, 21. 


Ph. 22. 
Ph. 23. 


Ph. 24. 


Ph. 25. 


Ph, 26. 


Ph. 27. 


Ph. 28. 


Ph, 29. 


Ph. 30. 
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The same subsequently, at 12° C. 

The same subsequently, at 17° C. 

Electrical response of a curarised sartorius of 2. temp., kept for 
24 hrs, -16°C. Upper end of muscle excited by the sound of a 
fork giving 270 d. v. per sec. (c$.) Sept., 1900. 

Electrical response of a sartorius of R. temp., kept for 4 days. 
15° C. Upper end of muscle excited by the sound of a whistle 
giving 352 d. v. per sec. (f’.) March, 1900. 

Electrical response of a nerved sartorius of 2. temp., kept for 2 hrs. 
15° ©. Sciatic plexus excited by the sound of a fork giving 424 
d. v. per sec. (About abD’.) Sept., 1900. 


Puiate V. 


Electrica] response of a curarised sartorius of 2. ini. kept for | 
24 hrs, 153° C. Upper end of muscle excited by the sound of a 
whistle giving 704 d. v. per sec. (f”.) Feb., 1900. 

The same at 10° C. Rate of movement of plate the same. 
Electrical response of a curarised sartorius of R. temp., kept for 
2 days. 114°C. Upper end of muscle excited by the sound of a 
whistle giving 495 d. v. per sec. (b’.) Feb., 1900. 

The same at 6° C. Rate of niovement of plate the same. 

Electrical response of a nerved sartorius of 2. temp., kept for 24 hrs. 
44° 0. Sciatic plexus excited by the sound of a whistle giving 704 
d. v. per sec. (f”.) Feb., 1900. 

The same at 10° C. 


Pirate VI. 


Electrical response of a sartorius of 2. temp., kept for 2 hrs. 16°C. 
Upper end of muscle excited by the sound of a whistle giving 704 
d. v. per sec. (f”.) June, 1900. 

The same with the muscle excited by the sound of a whistle giving 
495 d. v. per sec. (b’). 

Electrical response of a nerved sartorius of 2. temp., kept for 3 hrs. 
17° C. Sciatic plexus excited by Kronecker’s Ton-Inductorium 
giving 2947 vibrations per sec. Nov., 1898. 

Electrical response of a itnccmanites of R. temp., fresh, whose 
nerve was placed on the other excised gastrocnemius of the same 
frog, the nerve of which was excited by the sound of a whistle 
giving 704 d. v. per sec. (f”.) June, 1900. 

Electrical response of the same muscle when its own nerve was 
excited by the whistle at the same pitch. 

Electrical response of a nerved sartorius of 2, temp., kept for 3 hrs. 
14°.0, Sciatic plexus excited by the sound of a fork giving 100 
d. v. per sec. Nov., 1900. 
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Ph. 31. 


Ph. 36. 


Ph. 37. 


Ph, 38. 


Ph, 39. 


Ph. 40, 
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The same with the strength of the exciting currents lessened by 
short-circuiting part of the battery current, | 


Piate VII. 


Electrical response of 9 nerved sartorius of 2. temp., fresh. 16° C 
Sciatic plexus cooled and excited by the break of an ascending 


galvanic current. June, 1900, 


Electrical response of a sartorius of #. esc., fresh, 16°C. Sciatic 
plexus excited by the break of an ascending galvanic current. A 
crystal of salt on the anode. Feb., 1899. 

Electrical response of a gastrocnemius of R. temp., fresh. About 
14°C. Sciatic plexus excited by the break of an ascending galvanic 
current. A crystal of salt on the anode. Nov., 1897. 

Electrical response of a curarised sartorius of R. esc., kept for 2 
days. 12°C. Upper end of muscle excited by a Kronecker 
induction coil (Helmholtz arrangement) giving about 50 d. v. per 
sec,, interrupted at intervals for 0°17 sec. Each period of stimulation 
lasting for about 0°15 sec. Feb., 1899. 

Electrical response of a sartorius of 2. temp., injected 1 hr. before 
the experiment was made with 0°01 c.c. of a 0°1°/, strychnine 
sulphate solution but only just beginning to be affected by the 
drug. About 16°C. Excited reflexly by the application of a 
single break induction shock to the skin of the opposite flank. Rate 
of plate as in Ph. 35 and Ph. 37. May, 1899. 

Electrical response of a sartorius of 2. temp., injected 4 hrs. before 
the experiment was made with 0°01 cc. of a 0:1 °/, solution of 
strychnine sulphate. Characteristic strychnine symptoms not yet 
in evidence. 10°C. Reflex excitation as before. May, 1899. 
Electrical response of a gastrocnemius of R. temp., injected 34 hrs, 
before the experiment was made with 0°01 c.c. of a 0-1 °/, solution 
of strychnine sulphate. Frog showing the usual symptoms of 
strychnine poisoning. 12° C. Reflex excitation as before. 
May, 1900. 


Puate VIII. 


Electrical response of a sartorius of FR. esc., injected 24 hrs. 
before the experiment was made with 0°01 cc. of a 01°, 
solution of strychnine sulphate. Frog showing the usual symptoms 
of strychnine poisoning. 10° C. Reflex excitation as before. 
Jan., 1899, | 
Electrical response of a sartorius of 2. esc., injected 3 hrs. before 
the experiment was made with 0°01 c.c. of a 01 °/, solution of 


strychnine sulphate. Frog showing the usual symptoms of strych- 
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i | nine poisoning only on excitation. 8° C. Reflex excitation as 
al | before. Rate of movement of plate as in Ph. 41. Feb., 1900. — 

WH Ph. 41. Electrical response of a sartorius of R. temp., injected 3 hrs. before 
Hi | the experiment was made with 0°01 c.c. of a 0:1 °/, solution of 


a | strychnine sulphate. The frog had shown all the symptoms of 
it strychnine poisoning half-an-hour before the experiment was made 
a and had begun to recover. 14°C. Reflex excitation as before. 
Feb., 1900. | 
A Ph. 42. Electrical response of a sartorius of R. temp., which had been for 
mn 6 hrs. in 20 cc, of 0°6 °/, salt solution to which 5 drops of a . 
i 0:001 °/, solution of veratrine sulphate had been added. 14° C. 
|| Upper end of muscle excited by a single break induction shock. 
Sept., 1900. 

a Ph. 43. Electrical response of a curarised sartorius of R. temp., which had 
ann been for 4 hrs, in 30 c.c. of 0°6°/, salt solution to which 7 drops 
i of a 0-001 °/, solution of veratrine sulphate had been added. 
om Upper end of muscle excited by a single break induction shock. 
a Feb., 1897. | 
i Ph. 44. The difference of potential of the same muscle, at rest, thrown into 

the electrometer. 

Puate IX. | 
Pi ii Ph. 45—48. Four successive electrical responses of a sartorius of R. temp., 
ai injected 3} hrs. before the experiment was made with the same 
quantity of strychnine as in the experiments with which Ph. 36—41 


_ were taken. and, as none of the symptoms of strychnine had begun 
to appear, reinjected with the same quantity immediately before 


H i — Ph. 45 was taken and after the preparation of the muscle. About 
4 il _ 20°C. The frog had been kept in ice for 4 hrs. before the brain was 
i destroyed. Reflex excitation as before. July, 1899. 


Ph. 49. Electrical response of a sartorius of 2. temp., injected 24 hrs. and 

again 2 hrs. before the experiment was made with the same quantity 
Ht of strychnine as before. Frog showing ‘the usual symptoms of 
i ! strychnine poisoning. About 15°C. Reflex excitation as before. 


a June, 1899. 

fli Ph. 50. Electrical response of a sartorius of a very large RZ. din: injected 
| | Hy four times before-the experiment was made, namely 4}, 24 hrs., 
at 15 and 5 min. before, with the same quantity of strychnine as 
a before. Frog just beginning to show the usual symptoms of 


strychnine poisoning on excitation, About 15°C. The frog had 
been kept in ice for 24 hrs. before being prepared. Reflex excita- 
_ tion as before. July, 1899. 
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GELATINE FILTERS. By E. WAYMOUTH REID, Professor 
of Physiology in University College, Dundee, St Andrew's 
University, N.B. 


FILTERS of gelatine supported i in the pores of a Pictecy-Chaaberliad: 
bougie were introduced by Martin? some five years ago. The gelatine 
membrane was found by Martin to be absolutely impermeable to the 
albumins and globulins of serum and egg-white, to caseinogen, nucleo- 
albumin, and hemoglobin, while it also held back completely hematin, 
the pigments of serum and egg-white, glycogen, and soluble starch. 
To some other substances he found. the membrane to be partially 
permeable, viz. to biliverdin, dextrin, acid and alkali albumin; and 
albumoses*, On the other hand it is stated, on p. 367 of the paper 
referred to, that “Crystalloids pass through the filter at the same rate 
as water,” and solutions of dextrose and urea are quoted as cases in 
point, though no numerical data of the experiments are given. 

Starling® appears to have accepted this statement, and makes 
deductions in the belief that the filtrate of serum through gelatine is 
“identical with serum in all respects except the proteids,” though in 
the same paper he states that with some solutions (e.g. impure casein) 
“certain constituents are hurried through the colloid membrane at a 
greater pace than others which are less diffusible.” No — 
analyses are however published. 

It has appeared to me important to make a few opatbiaive 
analyses of the concentrations in filtrand and filtrate of certain 
substances of physiological interest, since Martin’s generalisation for 

“ erystalloids,” supported only by a statement concerning dextrose and 
urea, is hardly satisfactory to one intending to attempt to employ these 
filters for any quantitative process. 


1 This Journal, xx. p. 364. 1896. ; 

2 Brodie. British Medical Journal, Aug, 4th, 1900, p. 300, states that by increasing 
the concentration of the gelatine in the pores of the filter, albumoses may be completely 
held back. 

% This Journal, xx1v. p. 317. 1899. 
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Method of experiment. The size of bougie used was that known as 
“size B.” It was fitted into a gun-metal filter case similar to that 
described by Martin, capable of holding 90 c.c. of fluid, of which 60 c.c. 
could be filtered without exposure of the crown of the bougie within the 
case. The pressure was obtained from a cylinder of compressed air and 
varied from 30 to 55 atmospheres in the several experiments. 

The gelatine used for filling the pores of the bougies was of three 
grades, Ordinary French leaf gelatine holding 2°68 °/, of ash ; a washed 
sample of the same holding ‘68 °/, of ash ; and finally a very thoroughly 
washed sample holding only ‘04°/, of wah In the experiments these — 
are called, “Ordinary,” “Washed,” and “Pure” respectively. The 
original concentration of the “solution” of gelatine used for filling the 
pores was 10 grammes per 100 c.c. of distilled water, but the actual 

“solution” in the pores of a freshly filled bougie has a lower concen- 
tration than this, for the concentration of the filtrate of a “solution ” 
holding 11°72°/, of gelatine was found to be 9°43 °/,. 

The prepared bougies have been used in two conditiuns, (a) after 
“drying ” in the air of the room, in which condition, even after standing 
for a week or a fortnight, there is still much water in the walls, 
(b) after special drying to constant weight. The amount of water in 
the wall of a freshly filled bougie is of course very variable since the 
walls of different samples are of very different thickness, and I have 
found this amount of water to vary from 2 to 13 grammes in size B. 

The drying to constant weight was effected without the application 
of heat as follows. The bougie was fitted into a tubular desiccator 
holding sulphuric acid; and air, dried by passing through two lots of 
strong sulphuric acid and a tube holding-solid caustic potash, was sucked 
through the interior by a pump. It takes from one to three weeks to 
reach constancy of weight by this method. 

Even an unfilled bougie fresh from the maker holds a considerable 
amount of water in its pores. 

New bougies were used for each experiment, since experience 
indicated that the retentive power of the pores for jelly was lessened by 
boiling out and refilling. 

The methods of chemical analysis are mentioned or described i in the 
appendix. | 


Three main phenomena present themselves for investigation as 
regards the relation of the —. of the filtrate to that of the 
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(1) The expression of the water of the jelly in the pores (when 
the filled bougie has not been specially dried) and its addition to the 
filtrate. 

(2) A difference in the rate of passage of dissolved substance and 
solvent in certain cases. 

(3) The addition to the filtrate of some of the gelatine filling the 
pores and of any soluble impurities such gelatine may contain. 

Of these three phenomena, evidence of the third is always to hand, 
the occurrence of the second varies greatly with the nature of the 
substance in solution and is probably an adsorption effect, while the 
first can, of course, only be excluded by drying the filter to constant 
weight before proceeding to filtration. A fall of concentration in the 
filtrate when a dry filter has been used must be due to the second 
process, while if the filter has not been specially dried it may be due to 
the first only or to.a combination of the first and second. 

(1) Eapression of the water in the wall of the filters when not 
specially dried. Martin (loc. cit.) discarded the first 10 c.c. of filtrate 
to obviate this dilution. In his experiments the water present must 
have been considerable, since he states that after filling the pores with | 
10°/, gelatine “solution” it is only necessary to “ wash off the gelatine 
from the outside of the filter and it is ready for use,” t.e. he seems to 
have proceeded to filtration very shortly after preparation of the bougie. 
Starling (loc. cit.) discarded the “first few drops.” Naturally this 
water of the jelly is not quickly expressed, and the concentration of the 
second 25 c.c. of filtrate collected from a solution of a substance which 
other experiments indicate is not stopped by a water-free filter may be 
distinctly less than that of the filtrand, even when one or two days have 
elapsed since the filling of the bougie with jelly. 

Thus : 


Pressure 35 atmospheres. 
~~ Volumes of Filtrates. First 25 o.c. in 44 mins, 
Second 28 c.c. in 45 mins, 
Concentration of Filtrand °6012°/,. 
5147%/, om the 58 o.0. filtered. 
Exp, II. Sodium Chloride Solution. Washed gelatine. Dried in air one day. 
Pressure 55 atmospheres. 
Volumes of Filtrates. First 24 c.c, in 34 hrs. 
Second 18 c.c. in 24 hrs. 
Concentration of Filtrand _ ‘5982°/, (A= — °360°C.). 
Concentrations of Filtrates. First °4670°/, (A= —°*280°C.)) i.e. ‘5082°/, on the 
Second °5632°/, (A= 345°C.) 42 o.c, filtered. 
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Exp. III. Urea Solution. Ordinary gelatine. Dried in air ays 
Pressure 40 atmospheres. 
Volumes of Filtrates. First 28 c.c. in 2 hrs. 
Second 28 c.c, in 2 hrs, 
Concentration of Filtrand +5957 °/,. | 


_ If a bougie be filled with agar-agar jelly, which holds more water 
than gelatine jelly, the effect is naturally more evident in the earlier 
part of the filtrate and less in the later since the water is more easily 
squeezed out of agar-agar than gelatine jelly. : 


Thus : 


Exe. IV. Sodium Chloride Solution. 1°03°/, washed agar-agar jelly. Dried one hour 
only. 
Pressure 20 atmospheres, 
Volumes of Filtrates. First 30 c.c. 
Second 30 c.c. 
Concentration of Filtrand °5982°/,. | 
Concentrations of Filtrates. First +3618°/, 
4786°/, on the 60 c.c. filtered. 


The agar-agar used in this experiment was well washed (three 
weeks in distilled water changed daily) and its ash thereby reduced 
from 5°41 °/, to 3°27 °/,. 

Sodium chloride and urea have been used in the above experiments 
since neither of these substances seems to be stopped to any recognisable 
extent by the gelatine or the earth of the bougie as tested by experi- 
ments with filters dried to constant weight. The following two 
experiments are quoted in support of this statement. : 


Exp. V. Sodium Chloride Solution. Pure gelatine. Dried to constant weight. 
Pressure 10 atmospheres. et 
Volumes of Filtrates. First 25 in 1 hr. 2 mins. 

Second 25 c.c, in 1 hr. 15 mins, | 
Third 15... in 1 hr. 50 mins. 
Fourth 18 ¢,c. in 1 hr. 40 mins. 
Concentration of Filtrand -59829/,. | 
Concentrations of Filtrates. First -5982°/,. 
Second *5982°/, . 
Third +5982°/,. 
Fourth *5982°/,. 


A bougie filled with celloidin and dried also gave no difference i in 
concentration between filtrates and filtrand. 
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Expr. VI. Urea Solution. Ordinary gelatine. Dried to constant weight. 
Pressure 30 atmospheres. 
Volumes of Filtrates. First 28 c.c. in 50 mins. 
Second 28 c.c. in 40 mins. 
Concentration of Filtrand -6070°/,. 
nd i.e. °6054 on the 56 c.c. filtered. 


Concentration of Fluid left in filter case -5974°),. 


In this connection it is interesting to note that sodic chloride 
solution filters in unchanged concentration through a dry gelatine filter 
in the presence of a pure — substance, viz. Recrystallized 


hemp-seed 


Exp. Vu. Hemp-seed Globulin in Sodic Chloride Solution. Ordinary gelatine. Dried 
to constant weight. 
Pressure 35 atmospheres. 
Volume of Filtrate 50 c.c. 
Composition of Filtrand. Sodie Chloride 9°22°/,) A of solution diluted — 


Hemp-seed Globulin 1-865°/, 10 times -555° C. 
Composition of Filtrate. Sodic Chloride 9-28°/,) A of solution diluted 
Hemp-seed Globulin 0-00°/, 10 times — °560° C. 


2. Retention by filters of certain substances in solution. 


As regards this phenomenon, it has already been noted that it 
is not evident in the case of sodic chloride and urea, but other 
substances exist which do not conform to Martin’s statement that 
“Crystalloids pass at the same rate as water.” Indeed the more 
experience is gained of the action of these filters the more it is evident 
that one cannot hazard a generalisation but must test each individual 
substance directly. The two “crystalloids” used by Martin were 
dextrose and urea, and he states that “with both substances the 
titrations before and after passing through the filter were precisely the 
same,” and this in spite of the fact that his filters were not specially 
dried. As has been seen his statement is correct for wrea if the filter is 
_ dry though not if the filter is wet’, For dextrose the statement is not 
correct with dry bougies, and much less so with wet ones such as his 
appear to have been. 


bromite method and failed to turn out the gelatine in the filtrate (which appears to have 
escaped his notice) the over-estimate thus produced might by chance have compensated 
the dilution due to the water compressed from the jelly in the pores. ee 
would of course not apply to his silicic acid filter. 
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Exp. VIII. Dextrose Solution. Ordinary gelatine. 


Dried in air two days. Dried to constant weight. 
Pressure 27 atmospheres, | Pressure 32 atmospheres. 
Volumes of Filtrates. ‘Volumes of Filtrates. 
First 26 in 1 hr. First 26¢.c. in 3 hrs. 45 mins. 
Second 26 c.c. in 1 hr. 4 mins. Second 80 c.c. in 4 hrs. 30 mins. 
Concentration of Filtrand -5844%/,, — Concentration of Filtrand °5798°/,. 
Concentrations of Filtrates. Concentrations of Filtrates. 
First -4248°/, First -4806°/, 
Second -5104°/, Second -5016°/, 
i.e. *4676°/, on the 52 c.c. filtered, i.e. on the 56 o.c. filtered. 
Concentration of Solution left in filter case 
*8646°/,. 


The same phenomenon may occur in the case of a simple salt, and 
sodium carbonate is a good instance of such. Thus, 


Exp. IX. Sodic Carbonate Solution. Ordinary gelatine. Dried to constant weight. 
Pressure 35 atmospheres. 
Volumes of Filtrates. First 25 c.c. in 5 hrs. 
Second 32 c.c. in 5 hrs. 
Concentration of Filtrand 1°013°/,. 


Concentrations of Filtrates. First °531°/, 
i.e. ‘668°/, on the 57 ¢.0. filtered. 


Concentration of Solution left in filter case 1°676°/,. 


That this effect is mainly due to the gelatine and not to the earth of 
the bougie is indicated by the following experiment in which an untitled 
bougie dried to constant weight was used. 


Exp. X. Sodic Carbonate Solution. Plain bougie dried to constant weight. 
Pressure 1 atmosphere, 
Volumes of Filtrates. First 25 c.c. in 12 mins, 
Second 25 c.c. in 12 mins. 
Concentration of Filtrand 1:013°/,. 


Concentrations of Filtrates, First  -992 
ice. on the filtered. 


Concentration of Solution left in filter case 1-008°),. 


The result with the gelatine filter is probably due to adsorption, 
since a single filtration through ani:mal charcoal on a No. 597 Schleicher 
Schiill paper reduced the concentration from 1°018°/, to ‘806°/,, and 
contact of 50 c.c. with one gramme of coarsely chopped dry gelatine for. 
23 hours reduced the concentration from 1:013°/, to ‘981 °/,. 

The state of solution of soaps is at present not definitely decided, 
but since osmotic pressure can be obtained from solutions of pure soups 
(though not in proportion to the theoretical molecular concentration) 
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it seemed of interest to investigate filtrate and filtrand quantitatively 
with such material. The experiments were made with sodium oleate, 
since the solubility of the palmitate in water at room temperature is so 
slight (with my preparation only ‘015°/,). The sodic oleate was 
prepared from pure oleic acid. This was saponified with alcoholic soda, 
the alcohol driven off and the impure oleate taken up in water. It was 
next salted out with sodic chloride, the oleate. collected, dissolved in 
boiling alcohol, filtered hot, and allowed to separate on cooling. — 
This process of solution in boiling alcohol, filtration, and separation was 
repeated twice. The preparation was then dried at 110° C. and its 
solution in water was quite neutral to litmus. As the oleate was 
quantitatively estimated as sulphate the neagine were as a rule filled 
with pure gelatine of ‘04°/, ash. : 


XI. Sodium Oleate Solution, Dried to constant weight. 
Pressure 35 atmospheres. ~ 
Volumes of Filtrates. First 25 ¢.c. an 4 hrs, 
: Second 25 c.c. in 5 hrs. 
Concentration of Filtrand -3596°/,. 


Coneentrations of Filtrates. First +1070° 
i.e. 1088°/, on the 50 c.c. filtered. 


Concenteation of Solution left in filter case -7835°/,. 
A layer of soap had caked on the surface of the bougie. 


Exe. XII. Sodium Oleate Solution. Ordinary gelatine. Dried to constant weight. 
_ Pressure 35 atmospheres. 
~ Volumes of Filtrates, First 25 c.c. in 2 hrs, 
Second 26 c.c. in 2 hrs. 
Concentration of Filtrand ‘1968°/,. 
Concentrations of Filtrates. First Discarded. | 
Second °0749°/,. 
Concentration of Solution left in filter case °4538°/,. 
No noticeable ‘‘ cake”’ on surface of bougie. 


It is I think evident from the above experiments that some 
substances in ordinary solution are retained to a considerable extent 
by gelatine membranes even when a high pressure is used to force 
them through, and that a very extended series of experiments would 
be necessary to determine the phenomena when such a collection of 
substances as exists in a physiological fluid is subjected to filtration 
through gelatine. 


3. The addition of gelatine to the filtrates. The third point to 
which attention must be drawn is that the filtrates always hold gelatine, 
and that the earlier portions of a filtrate are richer in gelatine than the 
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later. Almen’s tannic acid reagent always gives a precipitate in the 
filtrate, I have attempted to gauge the amount of gelatine present in | 
the filtrates, though it is necessarily variable with different bougies, by 
comparing the weights of a series of precipitates of known volumes of 
solutions of pure gelatine of known concentration by fixed volumes of 
_Almen’s reagent, with the weights of the precipitates of equal volumes 
of water filtrates with the same fixed volume of the tannic acid solution. 

This is not an absolutely accurate method because saline filtrates 
will not dissolve the same amount of gelatine as water filtrates, and 
moreover the time of filtration 1 is probably another factor varteule in 
different cases. 

In round sumbers I find that a 50 cc. filtrate through a size B 
-bougie holds from °1 to ‘15°/, of gelatine. For this reason my titrations 
of the solutions used as filtrands in the above experiments have always 
been made in the presence of ‘1°/, of pure gelatine as well as in simple 
solution in water. 

Except.in the case of urea, where the gelatine of the filtrates 
was thrown out before estimation, and where the concentration of the 
filtrand was estimated in the presence of the volume of precipitating 
reagent used upon the filtrate, the presence of *1°/, of gelatine did not 
noticeably affect the titre of the solutions, by the analytical. methods 
used. If the gelatine used to fill the bougie has not been washed, it is 
obvious that the soluble salts of such gelatine will be added to the 
filtrate. Thus the first filtrate of 25 c.c. of a ‘5982°/, solution of sodic 
chloride through a bougie filled with ordinary gelatine jelly gave 
‘6392 °/,, while the second filtrate of 25 c.c. (which contained less gelatine 
than the first) titrated at °5982°/,. Again, with dog’s blood-serum 
filtered through a bougie filled with ordinary gelatine jelly the filtrate 
of 50 c.c. held *6566°/, of sodium chloride as against ‘6130°/, in the 
original serum, and the electrical conductivity of the filtrate was as 
1'224 to 1 for the original. 


FILTRATION OF PHYSIOLOGICAL _FLUIDS. 


The filtration phenomena with physiological fluids must necessarily 
be more complicated than those with simple solutions. If, for instance, 
blood serum is forced through a gelatine filter, we no longer deal with 
a simple gelatine membrane. Not only is it obvious when one with- 
draws the bougie from its case at the close of the experiment that a 
viscid paste, which analysis shows is very rich in proteid, has been added: 
to the filter, so that filtration has occurred through a proteid as well as 
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a gelatine membrane, but the chemistry of serum is so imperfectly 
known that one can form no clear idea of the conditions of the filtration, 
since it is very probable that the interaction of some of the constituents 
of the serum with the — may modify its behaviour towards 
others’. 

Starling (loo. cit.) believes the filtrate of serum to be “ identical with 
serum in all respects except proteids,” and states that the filtrate of 
serum through gelatine has, within ‘005°C., the freezing point of the 
original fluid provided the “ first few drops” are discarded. 

I am not able to corroborate either of these statements. As regards 
the freezing points of serum and its filtrate, not only are they markedly 
different with filters dried in air simply and so holding water (and 
Starling makes no mention of having dried his filters to constant 
weight) but the same holds good with absolutely dry filters, and in all 
cases the concentration of the fluid left behind in the filter case is 
greater in substances other than proteid (both organic and inorganic), 
than the filtrate, and than the original serum. 

The following Table contains some observations on the lowerings of 
freezing point of serum and its filtrate in the case of the ox and dog. 

As is evident from experiments 8a and 8b, in which a perfectly dry 
bougie was used, the diminution in lowering of freezing point of the 
filtrate is not exclusively a result of added water, but in part a 
result of abstraction of substance in solution. 

Again, analysis shows that it is not true that “the filtrate is identical 
with serum in all respects except proteids,” The following instance is 
quoted in illustration : | 


Exp, XIII. Ox Serum (Exp. 6 of Table). 


Grammes per litre 
0 Serum Fluid left in filter case Filtrate ~ 
4 *570°C. A 695°C. 4 °525° CU. 
_ Organic Solids 87°60 112-18 1-48 
Proteid 82-54 103-99 0:00 
Non-Proteid Organic Solids 5°06 8°19 18 (other than 
Ash 9°42 10-20 8°85 | 


The filtrate taken here was 50 c.c. after discarding the first 5 cc. 
which came through, The gelatine in the filtrate was estimated at 
‘7 grams per litre according to the method described on p. 168 but 
directly in the filtrate itself. The bougie was filled with washed 


1 Cf, F. Hofmeister, Arch. f. eap. Path. u. Pharmak. xxvu. p. 210. 1891. 
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gelatine jelly and had dried in air 5 days. (For method of analysis see 
Appendix.) | 


In this experiment the “ cake” which collects on the outside ” the 
bougie was not redissolved in the fluid left in the case’. 

It is evident that the organic solids other than proteid are aackadly 
less in the filtrate than in the original, and that this is not merely a 
matter of dilution by expressed water is obvious by the distinct 
concentration in such substances in the fluid left in the filter case in 
spite of the fact that the “cake” was not redissolved. The same is 
true of the ash, though to a much less marked extent. 

A filtration experiment with dog’s bile, a fluid very poor in 
substances of proteid character, is also here quoted i in illustration of the 
holding back by these membranes of organic substances other than 
colloids. 


Exp. XIV. 4-988 grms. of solids of dog’s bile (dried in vacuo over sulphuric acid) dissolved 
in 100 co. of water. Pure gelatine membrane dried to constant weight. First 30 c.c. 
of filtrate discarded and 60 c.c. subsequently collected. Filtrate hardly tinged with 
pigment and gave very slight Pettenkofer reaction. 


Grammes per litre 
4 Organic Solids 
Original Solution 180°C. 44°91 4-42 
Fluid left in filter case "880° C. 168-44 16-01 
Filtrate 040° C. 8°56? “76 


Some of the “ cake” was redissolved in the fluid left in the filter case. 


Conclusion. It would appear to be a fallacious conclusion to take the 
filtrate of a physiological fluid through a gelatine membrane as identical 
with the original fluid in all respects except that of concentration in 
colloids. These membranes hold back some substances in ordinary 
solution, and the extent to which they are retained will have to be 
determined in each case by direct observation by those who wish to use 
the Martin filter for any quantitative experimental purpose. 


1 If such amount of this ‘‘ cake” as can be scraped off with the back of a scalpel is 
redissolved, the difference in total organic solids (mainly proteid) between original serum 
and fluid left in case will, of course, Se ee 
Thus with dog’s serum :— 


Grammes per litre 
es Fluid in case with 
Original Serum “cake” 
Total Organic Solids 72°62 226-20 
Ash 9°88 11°77 


2 This figure includes the small amount of gelatine in the filtrate. 
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APPENDIX OF CHEMICAL METHODS USED. 


1. Sodium chloride was estimated by the Volhard method, using + silver nitrate and 


55 ammonium thiocyanate, with iron-alum as indicator. 


The presence of *1°/, of pure gelatine was not found to affect the titrations, 


2. Urea was estimated by the hypobromite process, using a Hufner’s ureometer, the 
volume of the lower vessel of which was determined by filling with mercury at known 
temperature and weighing. 45 minutes were allowed for the evolution of the nitrogen 
after mixing, and 80 minutes’ standing of the gas-tube over boiled-out water, before 
proceeding to measurement, The volume of gas was read by telescope and reduced to 
normal temperature and pressure, 35°42 c.c. of nitrogen at n.1.P. (the mean of many 
observations with the samples of urea and chemicals used) was taken as representing the 
decigramme of urea. The gelatine in filtrates of urea solutions was precipitated before 
estimation by adding 5c.c. of a phosphotungstic and hydrochloric acid mixture to 25c.c. — 
of filtrate and then filtering through a dry Swedish paper. The titre of the solution of 
urea used was also always estimated in the presence of the same relative volume of the 
precipitating mixture. Unless the gelatine of the filtrates is thus removed, the estimations 
of urea are, of course, too high. Thus in a case when the gelatine was not removed the 
first filtrate of 25c.c. of a solution of urea titrated at ‘627°/, was estimated at -652°/,. 


8. Sodium carbonate was estimated with * sulphuric acid, using methyl orange as 
indicator. The presence of pure gelatine to *1°/, did not affect the estimations. 


4. Dextrose was estimated by the Allihn-Soxhlet gravimetric process. Here again 
pure gelatine to *1°/, was not found to affect the titration. Thus a solution of dextrose in 
water titrated at -5796°/, was estimated at ‘5798°/, after solution of pure gelatine in it to 
the extent of -1°),. 


5. Sodium oleate was estimated as sodium sulphate as follows. A known volume of 
solution was evaporated in a tared platinum capsule in a porcelain ring on the water 
bath ; a few drops of sulphuric acid added and the organic matter burnt off over an 
Argand gas-burner. The capsule was next heated to redness over a Bunsen flame, the 
salt in it fused on the blow-pipe, cooled, again fused, and finally, after heating over the 
Bunsen flame, cooled in the desiccator and weighed. By this process, using 20c.c, of a 
solution of sodium oleate weighed to contain -2°/, the estimate was ‘1968 %,. 


5. Serum analysis, The volumes taken for analysis were not directly measured on 
account of the delivery of pipettes gauged by water not being correct with a fluid of such 
viscosity as serum. The specific gravity was therefore taken with a Westphal balance — 
provided with a Reiman float, and a given amount weighed in a tared platinum capsule, 

The total solids were estimated by heating for days at 110°C. till constant weight was 
reached, and the ash by heating over an Argand gas-burner, the capsule on no occasion 
being heated to redness, Thus the total organic solids were estimated. The proteids were 
estimated by Hopkins’s modification of the Devoto process, except that the coagulated proteid 
was collected on a tared filter paper which had previously been thoroughly extracted with 
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The collected coagulated proteid after having been washed free of ammonium sulphate 


- with cold water, was dried on the paper and extracted with alcohol and ether in a Soxhlet 


extractor for eight hours with each fluid. It was next dried to constant weight, and the 
tare of the paper deducted for the weight of the ash-holding proteid. Paper and proteid 
were now incinerated in a tared platinum capsule and the weight of the ash (less that of 
the paper) deducted from the first weighing to give the weight of ash-free proteid in the 
volume of serum taken. 

The tare of the alcohol and ether extracted papers was taken in dry weighing bottles 
after the papers had been brought to constant weight by long heating in a toluol oven. 
(About five days’ heating was found necessary with the type of paper used.) 

_ The weight of total organic solids, less that of the proteids thus estimated, was taken 
as that of the non-proteid organic solids. 

When the sodium chloride of serum was estimated the method was by dialysis of a 
known volume placed in a Schleicher and Schiill parchmented thimble into a known 
volume of distilled water, constant motion by a motor for 24 or 
48 hours (Giirber’s method). 


6. Lowerings of freezing point were taken with the Beckmann apparatus. ‘The 
temperature of the freezing mixture was never allowed to sink below -—3°C. and 
‘“‘ under-cooling” was limited to -1°5°C., at which temperature the solation was 
‘*inoculated with an ice crystal. 
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THE CONDITIONS OF ACTION OF PANCREATIC 
RENNIN AND DIASTASE. By H. M. VERNON, M.A, 
M.D., Fellow of Magdalen College, Ouford.- (Three Figures in Text.) 


(From the Physiological Laboratory, Ouford.) 


ae was found by Sir William Roberts' that if milk be sllowed to 
digest with extract of pancreas, it sooner or later acquires the property 
of yielding a coagulum on boiling. The time of onset of this.so-called- 
‘metacasein reaction’ depends on the amount of ferment present, and 
Roberts founded a method for the estimation of the proteolytic activity 
of pancreatic extracts upon it. More recent research, however, seems 
on the whole to indicate that this metacasein reaction is brought about 
by the rennet ferment, rather than the tryptic. Thus Edkins? con- 
cluded that metacasein is a body closely allied to (coagulated) casein or 
tyrein, for it could be separated out as a clot by the addition of sodium 
chloride, and after purification and re-solution was apparently unacted 
on any further by rennet. Also whey proteid seemed to be present when 
the metacasein appeared. However Edkins, and also Halliburton 
and Brodie’, noticed that Kiihne’s purified trypsin would bring about 
the metacasein reaction, but would not give a true clotting of milk. 


Dependence of the Metacasein Reaction on a Rennet Ferment. 


My own observations seem to show conclusively that the metacasein 
reaction cannot be due to the tryptic ferment, in that the power of 
bringing about the reaction does not stand in any constant quantitative. 
relationship to the tryptic value of extracts, as determined by fibrin 
digestion, This tryptic value was determined by a method recently 
described in this Journal‘, whilst the metacasein value was determined 
by a modification of Roberts’s method, to be subsequently referred to. 
In the accompanying table are given the rennetic and tryptic values of 


1 Proc. Roy. Soc., xxx. p. 145. 1881. 2 This Journal, xm. p. 217. 1891. 
3 This Journal, xx. p. 97. 1896. * This Journal, xxvi. p. 405. 1901. 
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various extracts of sheep and pig's pancreas, and the ratio of the values 
to each other. Not only does this ratio vary very largely in different . 


Alcohol ext. sheep 4 826 22:4 8-7 Alcohol ext. pig 2 207 593 8:5 / | 
17 869 » » 106 400 176 297 i 
Glycerin ,, 12 144 167 86 Glycerin, ,, 9 248 189 181 i 


extracts of the same gland, but in the same extract at different times. 
Thus the alcoholic extract of sheep’s pancreas had a ratio of 3°7 when 
four days old, and one of 20°2 when 77 days. Similarly the alcoholic 
extract of pig’s pancreas had one of 3'5 when two days old, and one of 
22'7 when 105 days. In fact it was generally found that the ratio got 
_ higher in kept extracts, as the tryptic ferment deteriorates more quickly 
than the rennetic. In the glycerin extracts, on the other hand, we see 
that the ratio was considerably smaller after 59 or 63 days than after 
9 or 12 days. This is due to the trypsin being liberated from -its 
zymogen more slowly than the rennin from its precursor. Exposure of 
the minced gland to air before extraction both liberates the rennin 
_ more readily than the trypsin, and destroys the free ferment less readily, : 
so very high ratios are obtained. 
The dependence of the metacasein reaction on the rennet ferment 
is shown by some observations on the milk-curdling power of extracts. 
If 1 ce. of an extract added to 4 cc. of milk at 38° caused it to become 
a solid or semi-solid clot in 5 minutes, then its milk-curdling power 
was taken as unity; if in 2 minutes, and if less than 1 c.c. was needed 


—say y c.c.—then the milk-curdling power would be The test- 


“ 


tube containing the milk was tilted on one side from time.to time, and 
the period when the clot exhibited its maximum firmness taken as the | 
. correct time of curdling. If the clot never became firm enough to : 
allow the tube to be tilted to one side — its changing shape, the | 
experiment was rejected. 
In the accompanying table are given the values obtained for the | 
milk-curdling and metacasein values of various extracts, - the ratio 
between them. 
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Extract value’ sat Extract we 
Sat. NaCl ext. pig 194 349 8618 Alcohol ext. pig 668 450 65 
156 318 20 » Sheep 5°44 850 64 
” ” 238 17 ” ” pig 
” ” ept ” 9 OX 2 
NaCl ext. pig 5°93 3841 #58 » woman 455 41 
» , » Sheep 165 90°77 55 Aqueous ext. dog 178 649 35 
” » dog 163 641 39 ‘i » man 100 415 41 
9? ” man 1°25 82°6 66 ” ” ox “66 16 4 25 
” » OX | 89 566 64 Glycerin ext. sheep 4°78 214 «45 
ept 
” » woman ‘80 245 381 


- With saturated saline extracts, we see that the ratio remained 
remarkably constant, although the values for the extract of pig’s 
pancreas kept 20 hours before extraction were only about a sixth of 
those for the gland substance extracted when fresh. It has been shown 
by Edkins (loc. cit. p. 205) that the addition of sodium chloride up to 
4°/, considerably facilitates the clotting action of pancreatic extracts on 
milk. I have found that the metacasein value is also increased thereby, 
but, as the values in this table prove, not to so great an extent. Thus 
the ratios obtained with normal saline, alcoholic and aqueous extracts 


were on an average more than twice as great as those with saturated 


saline extracts. These values, in the case of the normal saline extracts, 
are fairly constant, but with alcoholic extracts the range of variation is 
more considerable. This is in all probability due to the action of the 
tryptic ferment. Thus the two extracts exhibiting the highest ratio 
had more than twice the proteolytic action of any of the other extracts, 
whilst two other alcoholic extracts rich in trypsin failed to give a clot 
firm enough to be called ‘ semi-solid,’ and so do not appear in the table. 


| Again, it will be noticed that only a single glycerin extract is recorded 


in the table. All the other glycerin extracts either gave no trace 
of a clot, or only a slight one. All these glycerin extracts likewise 
had a powerful proteolytic action. Now even a nearly solid clot 
was found to remain in this condition only a short time. It would 
gradually get more liquid again, and finally pass completely into 
solution, the milk then losing a good deal’ of its opacity. In those 
extracts which gave no clot, or only a slight one, we must therefore 


- conclude that the curd was dissolved as fast or nearly as fast as it was 


formed. In other cases, where a high ratio of metacasein value to 
curdling value was obtained, presumably the tryptic ferment has a 
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moderately solvent action, and so only delayed the appearance of the 
clot. 

This hypothesis of the more or less antagonistic action of the tryptic 
and rennetic ferments has been already suggested in a specific instance 
by Halliburton and Brodie (loc. cit. p. 101). It was pointed out to 
these observers by Mr Benger, that freshly prepared extract of pig’s 
pancreas (liquor pancreaticus) had little or no curdling action on milk, 
but acquired this property after being kept a long time. Halliburton 
and Brodie confirmed this result, and accounted for it by supposing 
that at first the trypsin “masks or hinders the activity of the curdling 
ferment,” but that it deteriorates more quickly, and so eventually 
permits the curdling ferment to reveal its presence. I myself have 
noticed a similar phenomenon in the case of alcoholic and normal saline 
extracts of a human pancreas. These extracts, when five days old, 
apparently had no curdling power. Seven months later, the values 
recorded in the above table were obtained. Now during this seven 
months the tryptic power had diminished very considerably, whilst the 
metacasein value had fallen off much less—in the — extract, in 
fact, scarcely at all. 

The apparently contradictory results obtained by Edkins with 
Kiihne’s purified trypsin may be satisfactorily accounted for in a 
similar manner. Thus the inability of this preparation to curdle milk, 
though it gives the metacasein reaction, maybe due merely to the 
digestive action of the trypsin, as in the case of the above-mentioned 
glycerin extracts. Still another difficulty may be at least in part over- 
come by a similar explanation. Thus Halliburton and Brodie found 
that with. both pancreatic juice and extracts, milk remained quite fluid 
at 38°, and that the finely granular precipitate formed only set to a 
coherent curd on cooling. As already stated, I myself almost always 
obtained a curd which was solid or semi-solid at 38°. The extracts 
which I employed were all two or more months old, whilst those used 
by Halliburton and Brodie seem to have been nearly fresh. Doubt- 
less, therefore, they contained a relatively larger proportion of trypsin 
than mine did. 


The Law of Action of Pancreatic Rennin and. Diastase. 


It was found by Schiitz' that the amount of fibrin digested by 
pepsin varied as the square root of the quantity of fertient present. 


1 Zeit. f. physiol. Chem., 1x. p. 577. 1895. » 
PH, XXVII. | 12 
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_Borissoff? observed a similar relationship for the digestion of coagulated 
__ egg albumin’ by trypsin, and I have obtained the same result as regards 
the action of trypsin on fibrin (Joc. cit. p. 420). When the substance 
digested is in solution, however, the rate of action of the ferment seems 
to follow the rule of direct proportionality, or the relationship one would 
naturally deduce from the law of mass action. Thus O’Sullivan and 
Thomson? found that the action of invertase on cane sugar varied . 
directly as the quantity of ferment present, provided that special con- 
ditions were observed. Medwedew? found that the rate of oxidation 
of salicylic aldehyde by extracts of liver varied directly as the quantity 
of extract, provided that the salicylic aldehyde were present in con- 
siderable excess. Roberts (loc. cit.) stated that “the amount of 
amylolytic work done by a given sample of pancreatic extract is strictly 
proportional to the quantity of it set in action.” He estimated the 
diastatic power of an extract by “ascertaining the quantity of starch 
mucilage of known strength which can be transformed, by a unit 
measure of diastasic solution, to the point at which it ceases to give a 
colour reaction with iodine, in a unit of time.” The figures he quotes 
show that the inverse relationship between quantity of ferment and 
time holds fairly closely if the period occupied in reaching the so-called 
‘achromic point’ be less than an hour, and if the temperature be kept 
low. As regards the action of pancreatic extracts on milk, however, he 
found that “if the time of action exceeds 8 or 10 minutes the advent 
of the metacasein reaction is postponed beyond the term indicated by 
the rule of inverse proportion, and this postponement increases as the 
time of action is lengthened.” : 

In estimating the diastatic and rennetic ferments of pancreatic 
extracts, I have followed closely on the methods suggested by Roberts, 
but my results, especially as regards the former ferment, show a wide 
- departure from his. I have found that not only is the advent of the 
metacasein reaction in milk markedly postponed with diminishing 
quantities. of ferment, but that the time of appearance of the achromic 
point in starch solutions is equally postponed. However, other observa- 
tions afforded a partial explanation of the discrepancy. 

Following Roberts’s method, the diastatic value of an extract was ~ 


calculated from the formula D 25 , where « represents the number 
1 Thesis (in Russian). St Petersburg. 1891. 


2 Journ. Chem. Soc. Trans., p. 834. 1890. 
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of c.c. of standard 1°/, starch mucilage employed ; p the number of c.c. 
of pancreatic extract, and m the number of minutes required by it to 
carry the digestion of the starch to the point where it no longer gave 
any colour with dilute iodine. Supposing 1 c.c. of extract took 5 minutes 
to convert 1 c.c. of starch to the achromic point, then its diastatic power 
would be unity. The most active extracts obtained had a D of over 
300, and so had to be diluted ten or twenty times before being used. 
The standard starch solution was prepared fresh every day, after the 
manner described by Roberts. As a rule 2 or 4 cc. of this starch 
were diluted down to 10 c.c., less the volume of extract to be added. 
The test-tubes containing the digesting liquid were placed in a large 
water-bath kept at a uniform temperature of 38°. To determine the 
achromic point, a number of test-tubes of nearly equal diameter were — 
obtained, and about 4 c.c. of iodine solution diluted to a pale yellow 
colour poured into each of them. Two tubes were then held side by 
side at an angle over a sheet of white paper, and a few drops of the 
digesting liquid poured into one of them. By comparing two tubes 
colorimetrically in this way, the time of disappearance of the reddish 
tinge due to the erythrodextrin can as a rule be fixed to within 
+ minute. 

The rennetic value of an extract, or R, was determined in ibdlbinee 
with a similar formula. In this case # represents the number of c.c. of 
milk employed. As a rule 4 or 6 c.c. of milk were taken, and were 
diluted with an equal volume of water, less the quantity of extract to 
be added. As in the case of the diastatic ferment, the digestion was 
always carried out at 38°. About two minutes after the extract to be 
tested had been run into, and shaken up with, the milk, a very small 
quantity—'5 c.c. or less—of the milk was poured into a test-tube, and 
violently boiled for a few seconds. If no trace of coagulum was 
observed, another small sample was withdrawn and boiled, and so on. 
From about the third to the seventh minute after adding the extract, 
samples were boiled in this way every 25 to 30 seconds, and after this 
at slightly longer intervals. By holding the test-tube horizontally, and 

viewing a very thin layer of milk against a dark background, any 
' small flakes and clots of milk could be seen directly they were formed, 
The time of this appearance was noted, but two or three more samples 
of milk were boiled to make certain that the true onset of the reaction 
had been reached. Occasionally a very small amount of coagulum 
might appear, and be followed by one or two samples showing no 
coagulum at all. In such a case it was ignored, and only the sample 
12—2 
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followed by a sequence of samples showing gradually increasing amounts 
of coagulum taken as the true one. If the coagulation began to appear 
within less than three minutes, the experiment was repeated, using less 
extract. When possible, it was endeavoured to add such a quantity of 
ferment as to induce coagulation within from three to eight minutes, 
though with very weak extracts the time was necessarily longer than 
this latter amount. The time of onset of coagulation was noted to an 
eighth of a minute, and, as was shown by repetition of observations, 
the probable error of each determination was generally only from } to 
$ minute. 

In order to determine as accurately as possible the relationship 
between quantity of ferment and time, five careful series of observations 
were made on the rennet ferment, and five on the diastatic. The fol- 
lowing extracts were used, they being in every case of 20°/, strength : 


Ox. I, Aqueous extract {(R = 17:0) 1. Aqueous extract (D = 8°2) 


Pig. II. Sat. NaCl » (R= 93°0) 2. Sat.NaCl ,, (D= 155) 

Sheep. III. 25%, alcohol ,, (R= 85°0) 3. 
Dog. IV. 50%, glycerin ,, (R= 268) 4. 9% NaCl , (D=21°0) 
Man. VY. Aqueous »  (R=83-0) 5. »  (D=280) 


The figures in brackets indicate the actual rennetic and diastatic 
values of the extracts when the time of reaction was the standard, viz., 
five minutes. These values were in each case taken as 100, and the 
values obtained with other times of reaction calculated as percentages 
on them. For instance, it was found that with a normal saline extract 
of human pancreas, 075 ¢.c. of extract converted 2 c.c. of starch to the 
achromic point stage in 4} min., or had a D of 28°07. From this and 
another determination the D for an achromic point time of 5 minutes 
was calculated to be 28°0. With ‘15 cc. of extract, or twice as much, 
the achromic point was reached in 1{ min., instead of 43 + 2 = 28 min. 
127°0 

100 
times the latter value. On the other hand with diminishing quantities 
of extract the reaction was delayed, the achromic point time with: 
‘03 c.c. of extract being 18 min. instead of the 11{ min. required by 
the rule of inverse proportion. The D in this case was thus 18°52, or 
66'1°/, on the 5 minutes achromic point value. Still again, with 
‘015 c.c. of extract the achromic point time was 57 min., instead of 
23% min.; «.¢. the D was now reduced to only 11°70, or 41°8°/, on the 
5 minutes value. The achromic point time is thus more and more 
postponed with diminishing quantities of ferment. A similar postpone- 


The apparent diastatic value was now 35°56, instead of 28°0, or 
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ment was observed in the case of the other extracts, both as regards 
the achromic point time, and the metacasein reaction time. All the 
percentage values obtained are plotted out in the accompanying figure. 
Here the ordinates represent the effect produced (on that with a 
5 minutes’ reaction time taken as 100), and the abscissae the number of 
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minutes required for the reaction to be effected. The values obtained 
with each extract are indicated by different numbers, the Roman 
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numerals being for the rennetic ferment, and the Arabic for the 
diastatic. As will be seen, the line drawn through them is very nearly 
& mean curve; but it is more than this, It is a logarithmic curve, 
calculated on the assumption that the reaction time varies inversely as 
the 16th power of the quantity of ferment present. That is to say, 
instead of finding, as did Roberts, that ferment x time gave a constant, 
I have found that : | 
P time of reaching achromic point 
(quantity of ferment)" time of of 
It will be seen that.the achromic point values are in just as good 
agreement with the curve as the metacasein values. This may possibly 
be only a coincidence, but if so, it is a very remarkable one. One may 
agree with Roberts that “the fundamental rule which governs the 
mutual relations of quantity and time in the action of an enzyme is 
that of inverse proportion,” but one must also conclude that increasing 
dilution of a ferment solution progressively retards the rate of action, 
and that the retardation is the same for a diastatic ferment as for a 
rennetic. I do not think that any special importance is to be attached 
to the particular power, 1°6, to which the quantity of ferment has to be 
raised in order to give a constant when multiplied into the reaction 


_ time, but it is of some interest and importance that this power should 


be found to remain constant, whether the reaction time be 2 minutes 
or 70. In estimations of the diastatic and rennetic power of extracts, 
no endeavour was made to obtain a reaction time of exactly five minutes, 
though as a matter of convenience, such a quantity of extract was 
generally added as to give a time of from 3 to 8 minutes, and the value 
so obtained was ‘corrected’ to a 5 minutes’ time by means of a table of 
values derived from the mean logarithmic curve. As it is possible that 
these methods of Roberts for estimating rennetic and amylolytic fer- 


ments may come into more general use I append the table of values 


(mins.) Effect (mins.) Effect (mins.) Effect (mins.) = Effect 
2 1:410 48 1-019 10 ‘71 85 +488 
1°849 5 1-000 ll "744 40 *458 
| 1°297 54 964 12 *720 50 422 
1°251 6 13 699 60 893 
8 1911 6} 905: 14 -680 70 «872 
1°175 7 *881 15 “662 80 854 
1'148 ‘858 16 “646 100 ‘825 
1°114 8 *838 18 618 150 277 
4 1-087 8h 819 20 595 200 «251 
1062 9 *802 25 300 215 
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Supposing, for instance, the onset of the metacasein reaction or the 
achromic point had been found in some experiment to occur after 
34 minutes, then to correct the value found to the true value for a 
five minutes’ reaction time one would have to divide by 1143. If on. 
the other hand it had been 10 minutes, then one would have to divide 
it by ‘771: if 60 minutes, by ‘393. 

It has been generally considered that methods of determining the 
diastatic activity of an extract which depend upon the iodine reaction 
are much less accurate than those in which the amount of maltose 
formed is estimated, but with this judgment I am by no means disposed 
to concur. In the light of certain experiments of Chittenden and 
Ely? it seems to me that the conclusions derived from maltose estima-_ 
tions are liable to much greater misinterpretations than those from 
achromic point estimations. Thus these observers added a definite 
quantity (12 ¢.c.) of human saliva to volumes of starch solution at 40° 
containing °5 gm. starch, and determined gravimetrically by copper 
reduction the amount of maltose formed after definite intervals. They 
found that after digestion for 1 minute, 39°8°/, of the starch had been 
converted into sugar: after 5 minutes, 44°1 °/,: 30 minutes, 47°6°/, and 
2 hours, 52°6°/,. That is to say, a large part of the starch is almost 
immediately converted into sugar, and if the digestion be allowed to 
continue for two hours instead of a minute, the sugar formed is increased 
by only about a third, Supposing one wished to compare the diastatic 
power of two extracts, one of which was known to contain ten times 

as much ferment as the other, then if the digestion were allowed to 
continue for an hour or so, and provided the amount of starch added 
was not great, the amounts of maltose formed would differ scarcely at 
all. If on the other hand one were to determine the achromic point, 
one would know that in such and such a time all the starch had just 
reached a definite stage in its hydrolysis, viz., the achroo-dextrin stage. 
In this particular experiment of Chittenden and Ely one can roughly 
calculate the achromic point time, for Roberts has estimated that 
human saliva has a D varying from 10 to 17. Calculating backwards, 
and allowing for the time-factor, this would give an achromic point 

time of about 13 to 2% minutes, or a point such that about 42°/, of the 
starch had reached the maltose stage. 

Supposing that large excess of starch solution be used, then the 
results are still liable to error. Thus Kiibel* found that if a given 


1 Amer, Chem. Journ., tv. p. 120. 1882. 
2 Arch. f. Physiol. uxxvi. p. 276. 1899. 
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quantity of human saliva (‘3 cc.) were added to 10c.c. of 1, 2, and 4 °/, 


starch solutions respectively, and kept at 40°C. for 10 minutes, the 


colours of these solutions on addition of potash (and presumably, 


therefore, the amounts of maltose formed), varied as'4, 3, and 2 


respectively. Apparently, therefore, if a large quantity of starch be 
present the ferment converts the whole of it to the dextrin stage, but 
has not time to convert more than a small portion into maltose; whilst 
if a small quantity of starch be present, not much time is occupied in 
bringing all of it to the dextrin stage, and so the ferment can occupy 
itself chiefly in converting the dextrins into maltose. It is stated by 
Kjeldahl that if not more than 25—30 °/, of the starch be converted 
into maltose, the amount of maltose formed is directly proportional 
to the quantity of diastatic ferment present. Supposing, therefore, 
this 25°/, maltose limit be observed, and the strength of the starch 
solution be kept rigidly constant, then it is probable that the maltose 
estimations would afford an accurate index of the quantities of diastatic 
ferment present. 

It is possible, and even probable, that the amount of maltose 
formed by the time the achroodextrin stage is reached varies to some 
extent with different extracts, and under various conditions of acidity, 
alkalinity, salinity, and so forth, but even this does not necessarily — 
prove the achromic point method to be erroneous. Thus it seems not 
unlikely that the carbohydrates may be assimilable by the walls of the 
alimentary canal once they have reached the dextrin stage, and that it 
is not essential for them to be first converted into maltose. If so, then 


it is just as important to determine the capacity of a ferment solution 
to convert carbohydrate to the dextrin stage as it is to the maltose. 


The effect of salinity on the law of action of pancreatic diastase. 


In all the observations thus far mentioned the dilution of the 
starch and.of the milk was made with tap water. If distilled water be 
used instead, then the delay in the action of the ferment on increas- 
ing dilution is greater, especially in the case of the achromic point 
determinations. On the other hand, if a small quantity of salt be 
added the retardation is much less, and in some cases may remain 
almost completely in abeyance. The addition of the salt also con- 
siderably increases the efficiency of the ferment. This fact has been 


1 Abstract in Maly’s Jahresb. u. d. Fortschr. d. Thier-Chemie. 1879, p. 381. 
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noted before; Nasse? finding that the addition of 4°/, NaCl to starch 
increased the sugar-forming action of pancreatic extract by 29°/, Also 
Kiibel (loc. cit.) found that the addition of 045 to 17°/, NaCl to 1°/, 
starch solution more than doubled the maltose-forming action of saliva, 
whilst 1°5 °/, and upwards exerted a paralysing effect. 

_. In the accompanying table are given the values of D obtained on 
addition of from 08 to ‘000625 c.c. of alcoholic extract of pig’s pancreas 
to 4c.c. of 1°/, starch. This starch was made with distilled water, 
and was diluted down to 10c.c. with either distilled water, or tap 
water, or tap water and various amounts of solution of sodium chloride 


ce. of extract | Distilled water | Tap water | NaCl} Nact 


08 117°6 (85°3) | 158°8 (101-0). 

04 56°8 (69-9) | 100-0 (100-0 

02 80°3 (61°5) | 71-4 (105-0) | 471 

a)! 15°6 (52°6) | 44-4 (101-2) | 457 | 516 | 552 | 500 | 552 
005 36-9 (116-7) | 400 | 471 | 542 | 471 | 525 
0025 931 | 381 | 464 | 861 | 444 
00125 267 | 400 | 497 | 887 
000625 333 | 4296 


24—128 mins.| | 24—60 | 3f | 3§—75 | 4—47} | 3§—18 


made up with tap water. The tap water values show very good 
agreement. with the mean values deduced from the logarithmic curve. 
Thus the numbers given in brackets represent these values corrected 
to a reaction time of five minutes, and it will be seen that they remain 
practically constant, though the time of reaching the achromic point — 
varied from 1§ to 109 minutes. On performing a similar correction 
for the distilled water values, however, it will be seen that the numbers 
dwindle down considerably with diminishing quantities of ferment. In 
fact the uncorrected values show that the reaction time varies roughly 
in inverse proportion to the square of the ‘amount of ferment present, 
instead of the 16th power. Also it should be noticed that even with 
large quantities of ferment solution, giving reaction times of 5 minutes 
or less, the ferment acts much more efficiently in tap water than in 
distilled water. With ‘1°/, or more of sodium chloride, however, the 
ferment was found to act about twelve times more efficiently than in tap 
water, and thirty times more so than in distilled water. At least, this 
is the case if one compares the uncorrected D values. Ifthe (unaltered) 


1 Arch. f. Physiol, x1. p. 188. 1875. 
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salt water values be compared with the corrected tap and distilled water 
values, then the efficiency of the ferment is increased about five and 
tenfold respectively. 

The individual figures are somewhat variable, but apparently 
‘1 °/, NaCl is nearly as favourable a medium for the action of the 
ferment as ‘9°, NaCl. Certainly ‘2°/, NaCl is as favourable. 
‘05 °/, NaCl seems too dilute, for with small quantities of ferment 
there is a marked falling off in the values. Whatever the strength 
of NaCl there is a slight amount of retardation of ferment action with 
increasing dilution, but it is only slight. Thus with ‘2 °/, NaCl, though 
the reaction time varied from 3§ to 75 min., the D fell off only from 
552 to 426. oer 

In the presence of small quantities of sodium chloride, therefore, 
these values seem to show that Roberts’s rule of inverse proportionality 
between quantity of ferment and time does hold with some degree 
of approximation. Further observations, however, proved that the 
relationship was not a general one. The accompanying table shows 
the results obtained with a glycerin extract of sheep's pancreas. 


ce. of extract || Distilled water | Tap water | ‘15% NaCl | “8% NaCl | 9% NaC | 20% NaCl 


14-7 (18-9) 

16. 7°87 (12°1) 186 58-8 (42-7) | 71°4 (48-2) | 62°5 (44°38) | 58°8 (42 
08 2-98 (8°6) | (16-8) | 60°6 (54-6) | 64:5 (58°6) | 64°5 (58°6) |.58°8 (55-4 
04 1:33 (6°7) | 56 (16-4) | 52°6 (66-9) | 55-5 (69°2) | (62°0) | 51-9 (66-4) 
02 4°0 (17°) | 84°5 (66-7) | 85-7 (68-3) | 32°8 (64-6) | 40°0(70°3) 
01 | 20°0 (61°5) | 88-9 (85-2) | 22°5 (66°3) | 26°0 (72°4) 


43-376mins.| 24250 | 23100 | 19-59 | 2—89 | 23—77 


Here the retardation produced by distilled water is even greater 
than with alcoholic extract of pig’s pancreas. In the tap water 
observations, the retardation accords fairly well with the logarithmic 
curve, although the reaction time varies between the wide limits of 
24 and 250 minutes, The addition of sodium chloride increased the 
diastatic value to about three times its (corrected) tap water value, 
but there was still a very considerable retardation with diminishing 
quantities of ferment. The values corrected in accordance with the 
logarithmic curve are given, and it will be seen that, though they 
are over-corrected, yet they approximate much more closely to each 
other than do the uncorrected values. In fact the corrected values in 
dilute solutions are practically constant, the means of all the numbers 


| 
| 
| 
4 
| | 
4 
| 
| 
| | 
‘ 


PANCREATIC RENNIN AND DIASTASE. 187 


obtained with respectively 04, 02 and ‘Olc.c. of extract being 66:1, 
67°5 and 71:3. From the last column of the table it will be seen that 
2'0 °/, NaCl solution formed just as favourable a medium for digestion 
as the more dilute saline solutions, 

It might perhaps be thought that these differences in the effect 
of sodium chloride may be in some way connected with the nature of 
the extracting medium, for dilute alcohol was used in one case, and 
glycerin (containing 50°/, of water) in the other. However, a series 
of determinations made with a glycerin extract of pig’s pancreas showed 
that this could not be the case.. This extract was an exceedingly active 
one, the mean corrected value of D with tap water being 266. These 
tap water values are not in very good agreement, the correction applied 
being somewhat too great. 


c.c, of extract Distilled waver | Tap water | 8% NaCl | 6% NaCl | 9% NaCl | 14% Naci 


04 286 (198) 

“08 187 (186) | 388 ime 

02 108 (182) | 250 (230 

01 50-9 (110). | 216 (272 

004 167 (326) 1250 | 1883 

008 1333 1270 

002 1212 | 1176 | 12912 
001 1811 1281 1110 | 1176 
0005 


18-89} mins.| 2-30. | 5—153 | 4803 | | 


The values obtained with distilled water, however, show a slightly 
more rapid diminution with decreasing quantities of ferment than was 
observed in either of the other two instances. In the presence of from 
‘3 to 14°/, NaCl the D values were increased to about four or five 
times their (corrected) tap water value. All these values show that the 
action of the ferment was but little retarded on increasing dilution, 
for with quantities of ferment varying as 8 to 1 the D values only 
dropped from respectively 1250 and 1333 down to 1176 and 1081. 

Still, two other less complete series of observations were made with 
dilute alcoholic extracts of pancreas obtained from a woman dying 
of diabetes, and of one from a healthy man dying from an accident. 
The values obtained are given in the subjoined table. Here it will 
be seen that the tap water values conform fairly closely to the 
logarithmic curve values, though they are slightly over-corrected. 
In *3°/, NaCl solution, however, there is a considerable amount of 
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retardation in the action of the ferment on dilution, though not so 
much as in the case of the glycerin extract of sheep’s pancreas. The 


Woman (diabetic) Man 
ae Tap water 8% NaCl Tap water 8% NaCl 

4 | 22°2 (15°0) 
2 61°5 14°83 (16°2 44-4 
1 9°8 (16°6) 47°1 
025 10°5 (29°2) 42°1 40°5 
0125 ‘| 876 

82-76 mins. | 34—85 2347 9349 


actual D values in the saline medium are on an average only about 
twice as great in the one case, and two and a half times in the other, 
as the corrected tap water values; 1.¢. they are not nearly so much 
increased as in the case of the pig’s pancreas extracts, 

Comparing the whole of these series of observations together, we 
see that the tap water values, corrected in accordance with the 
logarithmic curve, give in every case a nearly constant series of 
numbers, whatever the dilution of the ferment. The values obtained 
in dilute salt solution are far more variable, however, and obviously 
would not afford nearly such an accurate basis for comparison. The 
differences observed with different extracts probably depend largely 
upon the presence in the extract of minute quantities of certain 
harmful substances, which exert a retarding influence on the action 
of the ferment. To convert a given quantity of starch to the achromic 
point stage, more than twice as much of the moderately active alcoholic 
extract of pig’s pancreas would be needed, as of the very active glycerin 
extract, and so a correspondingly larger amount of the hypothetical 
harmful substances present in the extract would be added. In the case 
of the alcoholic extract of woman’s pancreas, nearly fifty times as much 
extract would have to be added, and in the alcoholic extract ofman’s 
pancreas, and glycerin extract of sheep’s, about seventy times as much. 
Now we have seen that with these comparatively inactive extracts not 


- only is the retardation observed i in saline solutions on dilution fairly con- 


siderable, but that the average diastatic value is only two or three times 
greater than the tap water value. With the pig’s pancreas extracts, 
however, the diastatic value in saline solutions is about five times as 
great as in tap water, and the retardation observed on dilution is slight, 
especially in the case of the extremely active glycerin extract. 
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The true law of action of the diastatic ferment, as regards the 
mutual relations of quantity and time, is undoubtedly, therefore, one 
of inverse proportion. It is very seldom, however, perhaps never, that 
the most favourable conditions possible for the action of the ferment 
are observed; ie. that this relationship can hold with mathematical 
accuracy. The fact that in tap water the action of the ferment may be 
twelve times as slow, and in distilled water thirty times as slow, as in 
‘1°/, NaCl, indicates that the ferment is extraordinarily sensitive to 
any changes in its conditions. The extreme retardation observed in 
distilled water suggests to one that if it were possible to obtain an - 
extract containing nothing but pure ferment, and add to it pure starch — 
containing no trace of salts, one might find digestion entirely wanting. 
In the case of the rennet ferment, the effects of changes in salinity 
are very much smaller than those observed with the diastatic. This is 
no more than one would expect, for the milk used necessarily contains 


. considerable quantities of salts. The accompanying table shows the 
-_-valués obtained with a moderately active alcoholic extract of sheep’s 


pancreas. These values have all been corrected in accordance with the 


cc. of extract Distilled water Tap water 19, NaCl 3% NaCl 9°), NaCl 
08 55°4 58°7 61°2 65°5 72°7 (90°9 
04 60°7 69°3 70°5 68°1 80°2 (70°2 
02 71°5 73°1 68°3 74°8 93°2 (68°8 
‘01 67°6 68°2 76:1 112°4 (52°6 
Mean 63°8 67°2 67°1 711 89°6 
43-86 mins. | | 3§—85 8}—71 23-38 


logarithmic curve, and it will be seen that they are fairly concordant, 
though they are slightly over-corrected. From the mean values at the 
bottom of the table it will be seen that the ferment is slightly more 
active when the milk is diluted with tap water, than when with distilled 
water, but the difference is almost within the limits of experimental 
error. The addition of such an amount of sodium chloride solution 
as to make the diluted milk contain ‘1°/, NaCl had apparently no 
influence, and even the addition of ‘3°/, NaCl had very little effect. 
With -9°/, NaCl, however, the activity is distinctly enhanced, and in 
this case also the action of the ferment shows some tendency to vary in 
- accordance with the rule of direct proportionality to quantity present. 
The uncorrected R values are given in brackets, but these will be 
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seen to vary somewhat more amongst themselves than the corrected 
values do. | 
The action of sodium chloride seems somewhat irregular, for with a 
saline extract of pig’s pancreas the addition of 3°/, NaCl was found to 
increase the metacasein value by 40°/,, and of 9°/, NaCl, by 55°/,. 
Also with a glycerin extract of pig’s pancreas, ‘9°/, NaCl increased the 
activity by 86°/, In no case, however, was the action increased to 
anything like the extent noticed with the diastatic ferment. 


The effect of various conditions on ferment activity. 


Temperature. It was found by Roberts that the action of the 
diastatic ferment reached a maximum at 30°C., remained at this 
maximum till 45°, then rapidly diminished, and at 70° entirely ceased. 
In the accompanying figure are plotted out the results obtained by me 
with an alcoholic extract of pig’s pancreas. .These values show that the 
maximum action was at 35°, or very nearly the body temperature. 
From this point the action rapidly diminished with rise of temperature, 
but the effect produced at 65° was considerably greater than that 
noticed by Roberts. When ‘2°/, NaCl solution was used instead of 
tap water, however, the results were entirely different. The maximum 
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activity was now exhibited at 50°, instead of at 35°. At this. tem- 
perature the action of the ferment was about nine times greater than 
before, whilst at 35° it was about 4} times greater. For convenience 
of comparison, therefore, the tap water values have all been multiplied 
by 5. 

If the addition of a small quantity of sodium bhlosids can exert such 
a remarkable influence as this upon the activity of the ferment, then it 
is obvious that slight variations in other conditions may also bring 
about some considerable change. The conflicting results obtained by 
various observers as to the temperature of maximum action of diastatic — 
ferments from various sources, both animal and vegetable, do not 
necessarily, therefore, serve to differentiate them. -The curious results 
obtainable are well illustrated by the values which a saturated salt 
solution of pig’s pancreas yielded me. With this extract, the diastatic 

_ power remained quite constant between the limits of 35° and 55°. This 
was simply owing to the presence of the small quantities of sodium 
chloride, which sufficed to give values practically intermediate between 
those of the two curves in the above figure. 

The relationship of the rennet ferment to temperature seems to be 
quite different from that of the diastatic. Roberts found that its 
action reached a maximum at 60°, and then fell rapidly away, till at 80° 
it ceased. My determinations yielded a somewhat similar result, but 
the values given in the figure (obtained with a glycerin extract of pig’s 
pancreas) show that the action remained constant between 60° and 65°, 
and nearly constant between 55° and 65°. Another series of observations, 
made with milk containing ‘1°/, NaCl, gave a very similar curve, the 
action in this case reaching a maximum at 60°, but remaining nearly 
constant between 55° and 65°. 

Dilution, As already stated, Kiibe] found that the satchent of 
maltose formed, as the result of diastatic activity, was considerably 
influenced by the concentration of the starch solution. In.my achromic 
point determinations, however, the question of concentration scarcely 
comes in, as I almost invariably took 2 or 4c.c. of 1°/, starch, and 
diluted it to 10c.c. Control experiments showed, however, that the 
diastatic value was practically unaltered whether 1°/, starch solution, 
or this solution diluted ten times, were used. For instance, with two 
different extracts, values of respectively 159 and 312 were obtained 
with the former concentration, and 154 and 299 with the latter. 

As regards the rennet ferment estimations, the milk used was always 
diluted with an equal volume of water, less the volume of extract to be 
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added. Some dilution is absolutely necessary, as pure milk forms a 
slight coagulum on boiling, if no ferment be added at all. The following 
observations, made with an aqueous extract of ox pancreas, show how 
considerable is the influence of dilution on the rapidity of onset of the 
metacasein reaction. 

1 part of milk +,‘5 part water, R=132 


1 ” » +75 ” 107 
1 ” +15 79°6 
1 ” » +2 ” 75°2 
1 ” » +8 ” ” 64°8 


Thus if the quantity of water added be halved, the apparent value 
of R is increased by 32°/,, and if it be doubled, diminished by 24°8 °/,. 

Acidity and Alkalinity. The evidence as to the influence of small 
quantities of acids upon the activity of diastatic ferments is somewhat 
contradictory. Chittenden and Griswold! found that the addition 
of 005°/, HCl increased the maltose forming action of saliva by 9°6°/,, 
but that 025°/, HCl diminished it by 23'°5°/,. Schierbeck? found 
that carbonic acid very markedly stimulated the activity of both 
ptyalin and pancreatic diastase, in neutral and alkaline solutions, but 
retarded it in acid. Also he found that the amonnt of maltose formed 
on salivary digestion was much increased by the addition of lactic 
acid, ‘01°/, of acid causing a maximum increase of 475 times that 
formed in neutral solution. Again Kiibel found that the addition of 
‘009—018°/, HCl to a 4°/, starch solution increased the maltose for- 
mation threefold. With a 2°/, starch solution the most favourable 
concentration was 004 to 009°/,, and with a 1°/, solution, 002 to 
‘004 °/,. Also he found that other acids stimulated the activity of the _ 
ferment in like manner, if added ‘in quantities of not more than ;4,th 
normal concentration. On the other hand Langley and Eves? found 
that the activity of neutralised and diluted saliva was retarded by the 
addition of even ‘0015 °/, HCl, whilst 005 °/, was strongly inhibitory. 

The few observations made by me show that the achromic point 
method yields results very similar to those obtained in other ways by 
other observers. These results are plotted out in the accompanying 
figure. A glycerin extract of pig’s pancreas was used in each case, the 
extract used for the hydrochloric acid observations having a D of 275, 


1 Amer. Chem. Journ., m. p. 305, 1881. 
2 Skand, Archiv. f. Physiol., m1. p. 344, 1892. 
3 This Journal, tv. p. 18. 1883. 
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and that for the acetic and lactic acid observations, a D of 170. Taking 
the tap water value in each case as 100, it was found that the diastatic 
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Fig. 3. 
Parts of acid per hundred or per thousand. 


power attained a maximum value of 400 on addition of 004°/, HCI: 

one of 450, on addition of °0083°/, lactic acid, and one of 355, on 

addition of ‘02°/, acetic acid. Thus the maximum is about the same 

whatever the acid employed. If calculated as molecular weights, these 
N 


optimum concentrations are roughly =, HCl, 1100 lactic acid, and 


rf acetic acid. It seems highly probable, therefore, that the presence 


of small quantities of absolutely free acid may increase the activity of 
the ferment, for even supposing that in the case of hydrochloric and 
lactic acids all the acid added entered into combination with the salts 
of the tap water, with the starch, and with the dextrins formed, yet in 
the case of acetic acid, where the most favourable concentration was 
three times as great, the neutralisation can scarcely have been complete. 
Probably even in the case of the hydrochloric and lactic acid experi- 
ments free acid was present, for no acid was necessary to neutralise the 
extract added, this being of itself distinctly acid. 
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As regards the inhibitory action of the acids, we see that the 
diastatic power became reduced to its original tap water value of 100 
by respectively 0068 °/, HCl, °024°/, lactic acid, and 06°/, acetic acid. 
The action of the ferment would have been entirely stopped by about 
009°/, HCl: 04°/, lactic acid, and -16°/, acetic acid, or respectively 
22, 4°8 and 8 times the amounts of acid giving the maximum diastatic 
action. 

Alkalis have been found invariably to retard biecneint activity. 
Chittenden and Ely’ found that the addition of ‘1°/, Na,CO, dimi- 
nished the amount of maltose formed on salivary digestion by a third ; 
of *3°/,, by more than a half, and of 6°/,, by three-fourths, Langley 
and Eves* found that even 0015 °/, Na,CO, exerted a distinct retarding 
action. Schierbeck® found that ‘006°/, Na,CO, reduced the maltose 
formation to 58°4°/,, whilst ‘35 °/, stopped it entirely. 

The few observations made by the achromic point method were 
upon a glycerin extract of pig’s pancreas (of which D=189). The 
following results (given in the left half of the table) were obtained: _ 


With no alkali, §D=100 With °015°/, acetic acid, R=161 

» 002°, Na,CO, 84-7 123 

ee Sb 80°4 » no acid or alkali 100 
| 61-4 00125 °/, Na,00, 73-0 
| 55-6 » 00812 59°5 
» ” 30°7 » 00625 ” 48°3 
» 17°9 

We see here that the retardation observed is more or less similar to 


that noted by Schierbeck. | 

The activity of the rennet ferment is inGineaded by acids and alkalis 
in a similar manner to the diastatic, as the observations given in the 
right half of the table show. These were made with an alcoholic 
extract of pig’s pancreas. The percentage amounts of acetic acid and 
| sodium carbonate given are upon the whole volume of milk + water 

taken. 

We see that the addition of small quantities of sad hastens the 
action of the rennet ferment considerably, though not nearly so much 
as in the case of the diastatic ferment. The alkali, on the other hand, 
acts rather more powerfully on the rennet ferment than it was founds 
to do on the diastatic. 

i The response of the metacasein reaction to slight changes in acidity 


1 oe, cit. 8 loc. cit. 3 loc. cit. 
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is a matter of practical importance, because it is well known that milk 
gradually develops acidity on keeping, and it is probable, also, that milk 
from different sources varies somewhat in reaction. Hence it is very 
necessary that all the milk used in a series of experiments should be 
obtained from the same source. Also it was found by control observa- 
tions that the early morning’s milk might be used up till 1.0 p.m. 
without the metacasein reaction being hastened in an appreciable 
degree by the development of natural acidity. If it were necessary to 
_ make observations after this hour, —— was used. 


The Nature of Pancreatic Rennin and Diastase. 


In the paper already referred to it was shown that in active extracts 
the tryptic ferment was exceedingly unstable, and was very rapidly 
destroyed by dilute sodium carboriate at 38°. In moderately active 
extracts, however, the rate of destruction was much less, whilst in feebly 
acting extracts it was quite small. Also on keeping active extracts at 
38° with °4°/, Na,CO,, it was found that on an average about 60°/, per 
hour of the ferment was destroyed during the first half-hour; about 
40°/, during the next half-hour, and only about 20°/, during the 14 


Extract power lst and 8rd 
Glycerin ext. pig (7 months) ... 475 
Alcohol ,, pig ... 414 616 £825 # 
Glycerin ,, man 377 5°6 
Aleohol ,, sheep 374 49°7 
Glycerin ,, sheep (kept 63 hours) 367 59°7 502 40°4 
‘9°/,NaCl ,, sheep 319 656°7 387°7 
Glycerin ,, sheep (7 months) 239 660 41:1 9°4 
” ” 238 39-1 51°0 89°4 


” ” pig (kept 25 hours) 235 23°3 9°4 3°3 
NaCl ,, pig ... 


Alcohol ,, sheep 826 3809 387 37:1 
‘9°/, NaCl ,, sheep 737 179... 188 


570 


‘9°/, NaCl ,, man 


» OX 643 190 114 4 

a » man (kept 49 hours) 36°7 12°0 10°5 5°2 3 

» woman... 24°5 7°2 2°7 8°9 4 

Alcohol ,, woman... 23°0 00 104 #100 

Aqueous ,, ox ... a3 21°3 2°4 7°5 4 

» man 18°4 12°4 12°4 13°4 4 

13—2 q 
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hours after that. These observations seemed to suggest that trypsin is 
not a single chemical substance, but that there is a series of trypsins, 
of varying degrees of stability, and that on exposure of active extracts — 
to Na,CO,, most of the unstable trypsins are destroyed first, leaving the 


_ stable ones to be destroyed subsequently and more slowly. 


It would be very troublesome to test the destructive influence of 
sodium carbonate on the rennetic and diastatic ferments, so the effect’ 
of keeping the extracts at 38°, diluted to ten times their volume with 
tap water, was tried instead. The values obtained in the case of the 
rennet ferment are collected in the accompanying table. The R of the 
extracts used varied from 475 down to 18°4, and we see that the most 
active extracts show a much more rapid rate of ferment destruction | 
than the least active, and also that the individual extracts, as a rule, 
show a greater destruction of ferment in the first hour than in the 
second, and in the second than in the third. The numbers are very 
irregular, however, chiefly owing to the comparative unreliability and 
inexactness of the metacasein reaction, so the general significance of the 
figures is better indicated by splitting up the observations into groups, 


and taking means. These mean values are given in the accompanying 


table. Here we see that whilst extracts with an R of from 475 to 319 


Mean °% 0 of 
ferment destroyed hour the 
Number of Rennet — 
observations power Ist 2nd ard 
7 475—319 49°3 86°7 26°1 
4 239—200 39°4 30°1 14°5 
4 82°6—54°3 24°3 17°0 18°1 
a: 88°2—18°4 11% 9°6 9°5 


have 49°3°/, of their ferment destroyed during the first hour of exposure 
to 38°, they have only 36°7°/, destroyed during the second hour, and 
26°1°/, during the third. On the other hand, very feeble extracts, of 
less than a tenth the rennet power; have only 11°6°/, of their ferment 
destroyed during the first hour, but it is interesting to note that they 
continue to undergo nearly the same amount of ferment destruction in 
the 2nd and 3rd hours of exposure, as they did in the Ist. That is to 
say, all the ‘rennins’ still left undecomposed are of nearly the same 
degree of stability. Extracts of intermediate degrees of ferment power 
show more or less intermediate relationships, so the contents of this 
table seem to me to fully warrant one in extending to the rennet 
ferment of the pancreas the conclusions previously arrived at for the 


tryptic. 
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It should be mentioned that the figures given in the above table 
for the ferment destroyed during the 2nd and 3rd hours are percentages 
on the amounts of ferment still remaining undestroyed at the beginning 
of these respective hours, and not on the amount of ferment: originally 
present. 

The sheep’s and .pig’s pancreas extracts referred to in this and the 
subsequent table were most of them about a month old at the time of 
examination, whilst those of the human pancreases were about six 
months. The glycerin extracts marked ‘7 months’ are so indicated in 
order to draw attention to the fact that mere keeping of an extract has 
no particular influence upon the stability of its ferments, unless it be 
accompanied by a deterioration of ferment power. Thus the values 
obtained with these extracts are similar to those obtained with other | 
glycerin extracts which had been kept only a month. 

The extracts of kept gland substance were made after the minced 
gland had been exposed to the air for the number of hours mentioned. 

Similar series of observations to the above were made on the 
diastatic ferment, but they yielded an entirely different result. As can 
be seen in the accompanying table, the extracts examined varied in 


Extract power Ist 2nd 8rd destroyed 

Glycerin ext. pig (7 months) 3438 152 156 20% 17°1 
*99/,NaCl ,, pig... 267 15 59 2°5 
Alcohol ,, pig... 238 5°0 79 
Glycerin ,, pig... 231 00 100 5°6 

» Pig 25 he 216 3°4 3°4 2°3 

» dog 142 116 «126 14°5 

woman 0°0 0-0 10 
Alcohol ,, woman 26 12:1 9°1 10°1 
*9°/,NaCl ,, sheep ... oe 20 1160 108 #187 13°5 
Glycerin ,, sheep ... ae 194 22 #121 #4121 15°8 

»» Sheep (kept 63 hrs.) 18°9 89: 61 6°8 
16°7 19 40 3°1 
Glycerin ,, sheep (7 months) 15°6 95 100 19% 13°0 
Alcohol ,, sheep ... rae 186 224 129 280 19°4 
*9°/, NaCl ,, woman one 10°3 00 oo° 0” 
Alcohol ,, ox 145 84 163 187 12°8 


diastatic power from 343 down to 1°45, yet the least active extracts 
were just as sensitive to the destructive action of tap water at 38° as 
the most, active. On splitting up all the observations made into two 
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groups, it is found that extracts with a D of from 343 to 142 had on an 
average 8'3 °/, of ferment destroyed per hour, and those with a D of 
from 36°2 to 1°45, 9°6°/, per hour; «.e. practically the same amount, 
within the limits of experimental error. This error is somewhat Jarge, 
the possible error of each determination being about 5°/,, and as the 
actual ferment destruction was as a rule but small, it is only to be 
expected that the figures for the amounts of ferment destroyed during 
each hour in the individual extracts should be somewhat variable. 
However the mean numbers for all the extracts, which are given at 
the bottom of the table, show conclusively that the rate of ferment 
destruction is practically constant during the whole period of exposure 
to a temperature of 38°. The diastatic ferment, therefore, in contra- 
distinction to the tryptic and rennetic, would seem to be a single 
definite chemical substance, which cannot be separated into different 
ferment molecules of different degrees of chemical stability. 


SUMMARY. 


For the estimation of the rennet and diastatic ferments in pancreatic 
extracts, the methods used by Roberts have been found reliable, 
provided a certain correction is made. The rennet ferment is estimated 
by determining the time of onset of the ‘metacasein reaction’ in milk, 
and the diastatic by the time required for starch solution to reach the 
‘achromic point’ stage, when tested with iodine. 

The metacasein reaction (as has been suggested by Edkins and 
others) depends on a rennet ferment (and not on a tryptic, as Roberts 
supposed), for the power possessed by extracts of bringing about this 
reaction bears no constant relation to the tryptic power as determined 
by fibrin digestion, the ratio between the two varying in different 
extracts from 2:0 to 31'3. On the other hand this power bears a fairly 
constant relationship to the actual milk-curdling capacity of the 
extracts. 

Series of observations showed that the time of reaching the 
achromic point, and the time of onset of the metacasein reaction, 


_ varies inversely as the 16th power of the quantity of ferment present, 


and not in exact inverse proportion, as Roberts supposed. The values 
obtained show good agreement with a logarithmic curve calculated on 
this assumption. If, however, ‘1°/, or more of NaCl be added to the 
dilute starch, the diastatic power may be increased as much as twelve- 
fold, and the achromic point time may now vary very nearly in inverse 
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proportion to the quantity of extract added. But there is always some 
retardation with diminishing quantities of ferment, due (probably) to 
the action of harmful substances contained in the extract. Thus the 
weaker in ferment the extract used, the greater the retardation ob- 
served. If distilled water be used instead of tap water for diluting 
the starch, the retardation is much greater, and the diastatic power 
may be only a thirtieth of that in saline solutions. The achromic point 
time now varies roughly in inverse proportion to the square of the 
quantity of ferment present. : 

_ In tap water, the diastatic ferment was found to exert its maximum 
action at about 35°, but in ‘2°/, NaCl, at 50°. The optimum tem- 
perature for the rennet ferment is about 60°—65°. 

In confirmation of Chittenden ahd Griswold and of others I find 
that diastatic activity is increased by a small quantity of acid; in my 
experiments it increased to a maximum of 4°00 times its normal tap 
water value on addition of 004°/, HCl: to one of 450 on addition 
of ‘0083 °/, lactic acid, and one of 3°55 on addition of ‘02°/, acetic acid. 
The action of the ferment was entirely inhibited by about ‘009°/, HCI; 
04°/, lactic acid, and 16 °/, acetic acid. 

By keeping various diluted extracts at 38°, and determining their 
rennet power after 1, 2 and 3 hours, it was found that very active 
extracts had on an average 49°3°/, of their ferment destroyed during 
the Ist hour of exposure, 36°7°/, during the 2nd hour, and 26:1 °/, 
during the 3rd. Feeble extracts with less than a tenth the activity 
had only 11°6°/, of their ferment destroyed during the Ist hour, 9°6°/, 
during the 2nd, and 9°5°/, during the 3rd. Extracts of intermediate _ 
power showed intermediate degrees of destructibility, hence it was 
concluded that rennin, like trypsin, is not a single chemical substance, 
but that there is a series of rennins, of varying degrees of stability. 
The diastatic ferment acts quite differently, for on similar treatment 
it was found that active extracts showed no greater ferment destruction 
than inactive, and that in all of them the rate of destruction remained 
the same during the whole three hours. 
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SOME CONTRIBUTIONS TO THE PHYSIOLOGY OF UN- 
STRIATED MUSCLE. By LUCIAN A. E. DE ZILWA, 
B.Sc. (Lond.). (Twenty-one Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


PERHAPS it hardly requires to be pointed out that in order to ascertain 
the behaviour of unstriated muscle, it is of advantage to employ a tissue 
in which the muscle-fibres are arranged in a single layer, as parallel 
fibres, and in which no nerve-cells are present. In mammals such 
tissue is represented, so far as we know, only by the sphincter pupille, 
studied by Griinhagen and Samkowy’, and the retractor penis, 
which was the subject of special investigation by Sertoli*. Since the 
publication of Sertoli’s paper the innervation of the retractor has 
been specially studied by Langley and Anderson; but, apart from a 
few observations by Schultz, the behaviour of the isolated muscle 
under variations of temperature, its reaction to stimulation, and similar 
points, have received no further attention. 

Prof. Starling therefore suggested to me the desirability of repeating 
Sertoli’s experiments, as well as continuing some which he had begun 


-on the same subject with Dr W. M. Bayliss. My best thanks are due 


to Prof. Starling for his kind assistance and advice at all stages of the 
work, 


THE MUSCLE AND ITS STRUCTURE. 


An account of the anatomical arrangement of the retractor penis of 
the dog will be found in a paper by Langley and Anderson’. As 
these authors first pointed out, the muscle has a double innervation, 
inhibitory and motor. The inhibitory fibres run in the nervi erigentes. 
The motor fibres are derived from the sympathetic. They arise from 
the 12th thoracic to the 3rd lumbar nerve, run down: to the sacral 


1 Pfliiger’s Archiv, rx. 8. 899, 1874; x. 8. 165. 1875. 


® Rendiconti del R. Ist. Lomb., Ser. u., xv. f. 16. Arch. ital. de Biol., m1. p- 78. 
This Journal, xrx. p. 88, 1895, 
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- ganglia, and thence by the grey rami communicantes jo the sacral 
nerves. Most of these fibres travel along the pudic nerve to the dorsal 
nerve of the penis; others are distributed by the genito-anal branch of 
the pudic nerve. A tracing showing the antagonistic effect of these 
nerves is given in Starling’s Physiology, 1900, p. 153. 

The absence of nerve-cells from this muscle is supported by 
Fletcher's! results on the mode of termination of the nerves in the 

- muscle of the hedgehog and rat. In the latter animal a superficial 
anastomosing plexus is formed on the muscle. From this plexus offsets 
pass inwards to form a dense intercellular network. After section of 
the pudic nerve the plexus and network were found unaltered both | 
in the rat and in the hedgehog. In the hedgehog excision of the 
lst pelvic ganglion, and section of the pudic nerve on one side, caused 
disappearance of nervous elements on that side. The conclusions 
suggested are (1) that there are no local trophic centres in the end- 
apparatus; (2) that possibly a plexus common to both sets of fibres is 
preserved from degeneration after section of the one set through its 
continuity with the other. The sensory ganglion-cells described by 
Schultz* in smooth muscular tissue were probably connective tissue 
cells, 

I have studied the histology of the tissue in teased preparations and 
sections. With the exception of a few voluntary fibres at its perineal 
end, the whole muscle is made up of parallel plain muscle-fibres, which 
in a state of contraction are about ‘3 mm. long and have a maximum 
diameter of ‘(008 mm. Each fibre has a “— nucleus and is closely 

_ adherent to adjacent fibres. 


VITALITY AND SPONTANEOUS CONTRACTIONS. 


Sertoli found the excitability of the muscle persisting five, six, or 
even seven days after excision. He found also that the excitability 
lasted longer when the muscle was preserved in blood-serum at a 
temperature of 5° to 8°. At first I placed the muscle with defibrinated 
blood in an ice-chest ; but later the whole penis was cut away with the 
scrotum, so that only, the posterior cut end of the muscle was exposed 
to the atmospheric micro-organisms. The penis was then put into the 
ice-chest or left in snow. The spontaneous contractions were studied 
by Sertoli in the living animal, curarised and non-curarised (without 


? This Journal, xxu. Proc. Phys. Soc., p. xxv. 1897. 
* Arch, f. Phys. 1895. 8. 542. 
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an anesthetic ?), and in the excised muscle. They lasted for hours at — 
a time, and were still perceptible after three or four days ; in one case, 

MY though then very feeble, even on the fifth day. Muscle more than a | 
day old was used by me only on a few occasions; in such I never saw 
spontaneous contractions on the third day after death, and only once 
on the second. But I have several times seen them in muscle 24 hours 
old. Even in the fresh preparation they have been quite absent. In 
this case a series of spontaneous contractions may often be started by a 
weak stimulation or by changing the environment of the muscle, e.g. by 
warming and cooling it. _ 

The spontaneous contractions are sometimes quite small and frequent, 

| eight or ten a minute. At other times they are powerful and infrequent, 

| | lasting two minutes or more, and the ascending part of the curve is 

| marked with little steps or waves, especially near the apex. The 

| relaxation is marked by an unbroken line (Figs. 1 A and 1 B). 


Fig. 1a. Fresh muscle in normal salt solution. Spontaneous contractions. In this and 
other tracings, unless otherwise stated, the drum was revolving at the rate of 7mm. a 
minute. 


As I shall show later on, propagation of excitation along the muscle 
is feebly marked or absent; hence it seems that. any muscle-fibre or 
group of fibres can have no information of the excitatory condition of 
adjacent fibres other than by changes of tension. A similarity of 
environment for all fibres will tend to produce approximately similar 
rhythms in all, but the features of the curve given by the whole muscle 
will be determined fortuitously by the clashing or concurrence of the 
rhythms of different parts of the muscle. In this way may be explained 
the great diversity of curves which are obtained from the spontaneously 
contracting muscle. 
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Sertoli draws a great distinction between the curve of a sponta- 
neous contraction, in which “the period of shortening is almost equal 
to that of lengthening,” and that obtained after electrical stimulation 
in which “the former is much shorter than the latter.” But the differ- 
ence is probably due, as is pointed out by Winkler, to the very strong 
currents used by him damaging the muscle. The curves in Fig. 13, for 
instance, in response to weak interrupted currents, do not differ mate- 
rially from those of the spontaneous movements. 


Fig. 1s. Fresh muscle in defibrinated blood. Effect of — 
temperature on spontaneous contractions. 


CHANGES OF TEMPERATURE, AND THEIR INFLUENCE ON THE LENGTH, 
EXCITABILITY, AND SPONTANEOUS CONTRACTIONS OF THE MUSCLE, 


Historical, The influence of temperature-variations on plain muscle has 
been studied by several investigators. Samkowy confirmed the observations 
of Schur that the pupils of different animals responded differently. The 
pupil of the frog dilates on warming, that of the rabbit contracts at first, but 
dilates later. The sphincter pupille relaxed by warmth, contracts on cooling 
to 28° or 29°; on further cooling it again relaxes. The fully dilated pupil of 
a dead cat narrows at moderate temperatures, but dilates at 37° or 0°. Plain 
muscle of warm-blooded animals kept at 37° relaxes. He used Griinhagen’s 
thermotonometer, and, besides the sphincter pupille, muscle from the bladder 
of the frog, rabbit, and cat, and the rectococcygeus of the rabbit’. The loads 
employed in. the above experiments were ‘08 to -2 grm. for weak, and 1 to 
grms. for strong muscles. 


1 Phliiger’s Arch., 1x. 8, 400. 1874, 
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Morgen” at first suspended his muscle-ring from the frog’s stomach in 
salt solution, but later he made use of Griinhagen’s thermotonometer. On 
warming from 17° there followed a relaxation beginning at 25° and reaching 
a maximum between 45° and 50°. On being stimulated between 25° and 40”, 
the muscle contracted with greater speed and strength, and relaxed more 
quickly. The electrical excitability gradually diminished after 40°, and was 
sometimes still found to be present at 45° on testing with a fairly strong 
current. If the warming had not exceeded 50° cooling again caused contrac- 
tion. At 57° a contraction (which he calls heat rigor) set in, increasing” | 
gradually without any steps to 85°. Cooling now produced a certain amount 
of relaxation, which could be removed by warming, and again obtained by | 
cooling. This was regarded as a purely physical phenomenon dependent on 
the elastic tissue. In warming a ring from the esophagus of a dog he 
obtained a gradual contraction, beginning at 20°. At 50° the excitability was 
lost and the ascent became steeper. 

Practically identical are the results obtained by Schultz. Warming in 
the moist chamber increased the height of the contraction, diminished the 
duration of the contraction and the latent period’. (Griinhagen and 
Samkowy had found that the height. of the contraction was not altered on 
warming from 17° to 32°; only the latent period was diminished.) These 
changes attained their maximum at 39°. The latent period continued to 
decrease a little longer, and then gradually increased. If the muscle was 
cooled before it had reached 45° these phenomena could be repeated. As the 
. temperature approached 50°, after each stimulation the relaxation became 
more and more imperfect. The muscle was relaxed between 40° and 45°: 
At 60° a slight contraction took place, which gradually increased on warming. 
The effect of cold on the duration, height, and latent period of the contraction — 
was exactly opposite to that of heat®*. His observations on very low tempe- 
ratures will be mentioned later. i . 

Bottazzi and Griinbaum found that for the toad’s esophagus the 
optimum temperature was 28°. On warming, the spontaneous contractions 
increased in frequency but diminished in amplitude‘. At 39° the tonus was 
diminished. On cooling, the tonic contraction was increased ; and at 13° the 
spontaneous contractions began to grow smaller, On further cooling they 
ceased altogether. On warming from 0° a relaxation begins at 5°. The 
spontaneous contractions reappear at 13°, and are now more energetic than 
before. 

Vernon’ studied the behaviour of smooth muscle taken from the ceso- 
phagus, stomach, intestines, bladder and aorta of various animals. He states 


1 Unters. aus. d. physiol. Inst. zu Halle, H. 2. 8. 161. 1890. 
2 Arch. f. Phys. 1897. 8. 18. 3 Ibid., p. 17. 
This Journal, xxtv. p. 63. 1899. 5 Ibid., xx1v. p. 239, 
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that the temperature at which excitability disappears is about the same for 
plain as for striped muscle. Then follows a relaxation for-over 10°, which he 
thinks might be due to the disappearance of tonus. Between 47-48° and 62° 
a marked heat-contraction sets in, lasting till 90°. Sertoli and Bottazzi’s 
_ observations will be mentioned below. 

Method. The following muscle chamber was designed by Professor 
Starling. Two glass cylinders 2-5 cm: and 7 cm. respectively in diameter - 
are fitted up concentrically by means of rubber corks. Through the lower 
cork comes a metal tube which winds spirally about the inner cylinder and 


Fig. 2. Diagram of apparatus, 


goes out through the upper cork. A stirrer a and thermometer ¢ are in the 
space between the cylinders, which is filled with a saturated solution of salt. 
Ice, or a mixture of pounded ice and salt, is put into the vessel &, while h 
holds water warmed by a circular burner nm (Fig. 2). Stop-cocks J, m, on the 
tubes leading from these vessels to a T-piece, enable one to circulate hot or 
cold water in the glass jacket, and to regulate the rate of flow. Through 
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a cork fitting into the lower end of the inner cylinder passes a glass tube 
transmitting to the exterior the stem of a small iron hook. This stem is 
fixed below by means of a ligature about a piece of rubber tubing at the 
lower end of the glass tube. A piece of very fine copper wire or gold wire 
connects. the hook to the end of the muscle, which would be brought into 
contact with two metals if it were put directly on the hook. The other end 
is also tied with fine wire which runs (insulated) over the pulleys d and ¢ to 
the lever f, and thence to a battery or induction coil. In most of the expe- 
riments, however, the chamber was so placed that the end of a lever was 
directly above it. A thermometer 0} is introduced into the inner cylinder, 
and supported on the edge by means of a cork ring or a piece of wire. When 
the muscle is not in a fluid medium a strip of wet filter-paper adherent to the 
wall of chamber preserves the muscle from drying. The temperature is 
maintained fairly constant if the chamber is wrapped in a sheet of cotton 
wool, The load varied from 1 to 7 grm. 

In the earlier experiments the electrical excitability was not tested, but 
later by the arrangement shown in Fig. 2, either an induced or a constant 
current could be sent through the muscle. The source of the current was an 
accumulator of £.M.F. two volts. 


Changes between 15° and 60°. At 10° or 15°, in a moist chamber or — 


a medium of blood, the muscle is in a state of tonic contraction and 


free from movement. On warming slowly a gradual relaxation takes 
place till 38° is reached, when spontaneous contractions set in. On 
further warming at about 40° they cease, and the relaxation is complete. 
These typical results are seen in Fig. 3. At 48° a marked contraction 


Fig. 8. Fresh muscle warmed in blood. 


occurs which persists till 52°, then giving place to a slow relaxation. 
The top of this curve is sometimes broken even after 49° by small and 
frequent spontaneous contractions, At 58 to 60° the relaxation is com- 
plete (Fig. 4). Some variations however occur. The muscle might not 
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be in a state of great tonus at 15°. On warming from 10° a relaxation 
may occur at 14°, and slight spontaneous contractions be seen at 155°. 


Fig. 4. Fresh muscle warmed in normal salt solution. 


Occasionally on raising the temperature from 10°, a slow contraction 
(usually at 16°) precedes the relaxation. This is especially likely to 
occur if the change of temperature has been sudden. The relaxation 
at each stage on warming in these cases is apt to be followed by a 
contraction. 

In cooling from 40° the abvve typical events appear in the reverse 
order. The spontaneous contractions which at this temperature are 
feeble, irregular, and frequent, gradually gain in amplitude and regu- 
larity and become less frequent. Below 20° their frequency and height 
diminish, and at 15° they cease. A well-marked tonic contraction appears 
immediately on cooling, and increases gradually to 10° (Fig. 1 B). 

Sertoli did not beat his muscle above 37°. His observations were. 
made on its changes in length, and are quite in accord with the facts 
stated above. 

Changes between — 3° and 20°. On cooling below 10° the tonic con- 
traction remains unaltered till 2° is reached, when a relaxation begins 


Fig. 5. Fresh muscle. Moist chamber. Relaxation on cooling to - 8°. Load 6 grms. 
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(Fig. 5) which appears to be more rapid if the temperature does not fall 
below zero. This relaxation seems to depend on the load. In Fig. 5 
the load was 5 grm. When the load is small no relaxation occurs. Thus 
in Fig. 6 the load was 1 gr. It is worthy of note that when it did 


Fig. 6. Fresh muscle. Moist chamber. No relaxation on cooling to —-3°. Load 1 grm. 


occur the contraction at 48° was ill-marked or absent; and when it did | 
not the latter was good (Fig. 6). Sertoli states that the muscle is 
always relaxed between 2° and 5°. His load, which is described as 
moderate, was probably not very small. In this connection might be 
mentioned the observations of Schultz'. Between —8° and —10° a 
strong contraction occurred, which gave way to relaxation on warming, 

but now the muscle was found to be quite inexcitable. If this contrac- 


tion had not taken place the excitability was unimpaired. The cooling 


in my experiments never went below — 3°, but that temperature could 
be maintained for an hour without destroying the muscle, On warming, 
whether rapidly or slowly, a contraction generally takes place at a 
temperature which is not constant. It may be 16° or 25°. This is 
sometimes preceded by a slight relaxation. On one occasion relaxation 


was not preceded by any contraction.. Ultimate relaxation always occurs. 


1 Archiv f. Phys. 1897. 8. 19. 
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Changes between 60° and 80°. Fig. 7 represents what usually happens. 
Contractions occur at 65°, 68°, 73° and 75°. In another case they were 


Fig. 7. Fresh muscle warmed in salt solution. Coagulation-t 


at 64°, 68°, 71° and 77°. In other cases no contraction occurs’ before — 
69°. If the warming is rapid there are naturally no steps on the curve. - 
The variations in the figures are doubtless due to the varying thickness 
_of the muscle and the variations in the time required to heat it. Taking 
the average of 19 cases, the first rise occurred at 65°58". 

Excitability. This is exceedingly variable, tested by means of an 
interrupted current. In one case a contraction occurred at 4° C. without 
any following relaxation. In others the muscle was inexcitable at 15° 
or at 10°. Speaking generally one may say that the excitability is 
absent below 10°, and present above it. In those cases where no 
response is obtained by stimulation, warming does not produce an 
immediate capability to respond, though it changes the length of the 
muscle. A thermic stimulus may be effective at a time when an 
electrical one is not. 

Turning to the higher temperatures, Fig. 8 shows that a response — 
was obtained when the temperature of the chamber was 57°. It is 
possible, however, that the temperature of the muscle itself may have 
been a little lower. In testing the excitability it was necessary to 
avoid placing the muscle in a fluid medium, owing to the short- 
circuiting .produced except in the case of strong interrupted currents. 

The main interest of these results is in their bearing on the 
question of heat rigor in voluntary muscle. In the retractor penis 
there is no evidence of a true rigor mortis occurring. The contraction 
which occurs in most muscles at about 47° C. and is apparently due to 
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a direct excitatory effect of the temperature, either on the nervous or 
muscular elements of the muscle, passes off entirely at about 54° C. and 


Fig. 8. Muscle 24hrs. old. Moist chamber. Excitability to Faradic current at 57°. 


gives place to complete relaxation. In this case the death of the 
muscle is marked by relaxation, not by contraction, and the muscle is 


often found to retain some trace of irritability as it is beginning to 


relax at a temperature of 52°—54°C. When complete relaxation has 
occurred the. muscle is dead, and its response to excitation or changes 
of temperature cannot be restored by cooling. The further permanent 
contraction: which comes on at about 65°C., 1.¢. long after the muscle 
has been dead, can only be due to the coagulation of proteids. The 
force and extent of this coagulation-contraction show that there is 
no mechanical difficulty in assuming proteid coagulation to be also 
responsible for the rigor mortis of voluntary muscle. (Cp. von Fiirth 
and Brodie.) | 

A similar absence of heat rigor was observed by Bottazzi' in the 
cesophagus of the chick, though in the toad’s esophagus heat rigor 


(probably comparable to the coagulation rigor of the retractor at 68°) 
was observed at 47°C. 


THE EFFECTS OF DIRECT EXCITATION OF THE MUSCLE. | 


Induced currents. Sertoli was unable to obtain any response of 
the muscle to single shocks, and the curve figured by him was 
obtained by stimulation with a faradic current. I have found no 
difficulty in eliciting a contraction in response either to a make or a 
break induction shock, although a considerable intensity of current is 


1 « Sullo sviluppo embrionale della funzione motoria negli organi a cellule muscolari.” 
Firenze, Carnesecchi. 1897. 
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required. In Fig. 9 are shown the curves of contraction obtained with 
single make-shocks. The “staircase” phenomenon is well-marked. The 


; Fig. 9. Fresh muscle. Moist chamber. Stai ph on stimulation 


with make induction shocks. Time-marking in seconds. 


response to each stimulus, especially the later ones, shows a number ' 
of waves, which begin to appear at a higher and higher level on the 
ascending limb of the curve. While the height of the contraction 
increases gradually, the relaxation begins earlier and proceeds more 
rapidly up to a certain point, though the whole contraction is increased 
in duration. The temperature in this case was about 38°. 

The make and break stimuli are usually equally efficient. Occa- 
sionally the second is found to be better. The character of the curve 
varies greatly with the temperature. At 40° the curve attains its 
height rapidly and then declines gradually to the base line in fifteen 
seconds, The apex is generally round. When cooled to 25° the 
duration of the contraction is increased, so that even stimulation at 
twenty-second intervals causes summation, while at 40° the contraction 
was over in fifteen seconds. The curve rises more slowly to a less 
height, and declines more gradually. Figs. 104 and 108, taken with 
a quickly revolving drum, give the latent period. A strong make-shock 
was followed by a break. The influence of the interval between them 
on the amount of summation is well seen. The latent period is on the - 
average *4 seconds for make, and ‘2 seconds for break, but diminishes 
somewhat with successive stimuli. Thus in Fig. 104, for make it was 
_‘4 seconds, for break ‘2; in Fig.-10 8, ‘3 for make, for break ‘15. 

Repeated shocks. A summation of stimuli is produced, which will 
be discussed under another heading, if the intervals are sufficiently 
small. The ascent of the curve is broken by steps or not, according 
as the intervals are great or small. On one occasion slight relaxation 
was obtained on stimulating with the faradic current at 16°. Winkler 
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sometimes saw relaxation follow faradisation, as also the opening or 
closing of a constant current. | 


Figs. 104 and 10s. Latent periods. Time-marking=4secs. Load 5grms. Temp. 29°. 


Voltaic currents. Sertoli employed a “feeble” current from six — 
small Daniell cells and a stronger one from 20 elements. In the first 
case he obtained arrest of spontaneous movements, and relaxation. In 
the latter, on closure, after a latent period of two or three seconds, 
a slow contraction occurred, which persisted during the passage of the 
current. At break, after a lapse of ten or twelve seconds a relaxation 
followed. If the muscle was inexcitable to strong induced shocks, 
only relaxation occurred during the passage of the constant current, 
“through diminution of elasticity ;” the original length being regained 
on the opening of the circuit. 

In addition to my work under this head Professor Starling and 
Dr Bayliss have allowed me to use results of their preliminary 
experiments. The source of the current unless otherwise stated was 
an accumulator of E.M.F. 2 volts. The twin tracings were taken with 
a double myograph. The muscle in a moist chamber was clamped or 
pinned in the middle, and the ends were connected with levers writing 
in the same vertical line. The current was led to the ends of the 
muscle through Sanderson’s electrodes, 
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The reaction of the muscle to make and break of the constant current 
is intimately dependent on the condition of the muscle. When the 
muscle is warm and thoroughly relaxed, it responds with a contraction 
both to the make and break, the former being generally more pro- 
- nounced. In a state of well-marked tonus the passage of a constant 
current may cause only relaxation, which comes on at make and often 
gradually diminishes while the current is passing. In this case break 
of the current generally leads to a temporary increased tone, so that 
we get a break contraction. When the muscle is in a state of partial 
tonus, this latter contraction may be more marked than the inhibition 
during the passage of the current, so that it appears as if the break 
of the current. were the only effective stimulus, Very similar behaviour 
was observed by Biedermann in the case of the adductor of anodon. 

On several occasions it was observed that if an induction shock 
elicited only a feeble response, a much better one was obtained after 
the passage of a voltaic current. This seems to show that the latter 
has a beneficial effect on muscle. 

Polar phenomena. On leading a voltaic current through a curarised 
sartorius the contraction at closure begins at the cathode, and spreads 
thence. Similarly the break-contraction spreads from the anode. Although 
Sertoli states that the same phenomena are visible in the retractor penis, 


Fig. 11. Simultaneous tracings of both ends (upper curve penal). Muscle fully relaxed 


before first closing of the voltaic current. Sanderson’s electrodes at ends of muscle. 
Contraction and inhibition. Time-marking=6 secs. 
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records taken with the double myograph show that both halves contract or 
relax simultaneously. Each muscle-fibre is, therefore, a functional unit, 
and during the passage of a current must possess both anodic and 
 kathodie parts. There is in this muscle no such physiological fusion 
of the individual fibres as is assumed by Engelmann in the case of the 
ureter. This is illustrated by Figs. 11 and 12. The greater amount 


Fig. 12. Musele in @ state of tonic contraction before closure of current. Inhibition. 
Direction of current reversed during its passage. 


of contraction or relaxation manifested by the lower curve is explained 


by the fact that it records the movements of the perineal end of the 
- muscle which is thicker and consequently changes its form within 


wider limits than the penal end. 

Summation and tetanus. In striped muscle, if a second stimulus be 
applied before the completion of the relaxation following the shortening, 
the second curve is superposed on the first; and several such super- 
positions may be effected (Helmholtz). The height to which a 
tetanised muscle contracts is greater than that attained in response 
to a single stimulus. That in most of these cases the effect produced 
is purely mechanical is proved by the variations in height which can 
be caused by ‘after-loading.’ The later the load begins to act on the 
muscle, the greater becomes the height of the contraction, It has 
been shown by v. Frey’ that a muscle can be made to contract by a . 


1 Beitr. zur Physiologie, Carl Ludwig gewidmet. 
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single stimulus to the same height as when tetanised, by preventing 
the load from acting till the tetanic degree of shortening has been 
almost reached. It is the extreme quickness of the excitatory process 
which catses the height of the contraction to be so much influenced 
by mechanical inertia. The mechanical response fails of its maximum 
effect for want of time. But this superposition of contractions is not to 
be regarded in every case as a summation of effects. In those muscles 
which show a tendency to contracture v. Frey’s experiment does not 
succeed, The height attained on faradisation cannot be imitated by 
after-loading. Clearly we have here to deal with summation of a 
fundamentally different kind, in which there is a real addition of 
process. This summation of process in striped muscle is also illustrated 
by Kaiser’s’ observation that the second equilibrium-length of a 
muscle is less when two stimuli are sent together. 

These two kinds of summation have not been sufficiently distin- 
guished in voluntary muscle from the frequent merging of the one into 
the other, and the rapidity of the phenomena making them difficult 
of study. In smooth muscle, on the other hand, where the movements 
are sluggish, mechanical inertia has practically no influence on the 
height of the contraction. After-loading is not found to magnify the 
mechanical response to a single stimulus. The summation produced 
by repeated stimuli is consequently only of one kind—a summation 
of process and not of effects. This summation takes place when the 
second stimulus is applied at any stage of the contraction following 
the first stimulus, so long as the muscle has not completely regained 
its original length; a fact which proves the duration of the process 
of internal changes to be coterminous with that of contraction, the 
word ‘contraction’ being used to designate both the shortening and 
the relaxation. 

From the alterations produced by changes of temperature in the 
form of mechanical response, we are justified in stating that warmth 
hastens the processes of internal change, while cold has the opposite 
effect. Further, the change attains a greater intensity more rapidly, 
and declines more quickly in the former case. Hence we should expect 
that stimuli which produced no summation at 40° when applied at 
certain intervals, would at the same intervals cause a summation if the 
temperature were lowered. And indeed we find that this does take place. 
Thus in Fig. 13 A, stimulation at intervals of fifteen seconds caused no 


Schiifer’s Text-Book, 11. 875. 
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| summation. In Fig. 14 a summation is produced even at intervals of 


f | twenty seconds, In Fig. 138 the stimulation was at intervals of five 
seconds. 


“Fig. 134. Temp. 40°. Summation with 10sec. intervals, but not with 15 sec. a 
Muscle stimulated with double make induction shocks, — 


Fig. 138. Temp. 40°. Stimulation at 5 sec. intervals. 
Fig. 14. Temp. 25°. Summation with intervals of 20 secs. 


If more than one stimulus be applied in rapid succession, the height 
of the stimulus, as a rule, varies directly with the number of stimuli. 
(Fig. 15.) 


‘Fig. 15. Summation of process. Direct variation of the height of contraction with 
number of stimuli. Drum moving at rate of 5cm. a minute. 


On excitation with a series of subminimal stimuli at the rate of two 
per second, the contraction took place in steps, the first occurring after 
the eleventh stimulus. Having reached a maximum, the relaxation set 
in even while the stimulation was continued. (Fig. 16.) Apparently a 
contraction occurs as soon as the effects of a certain number of stimuli 
have been summed up. The slowness, of the changes in the muscle 


seems to prevent sufficient repair for the maximum contraction to be 
maintained, 
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Pawlow? had observed summation in the adductor of anodon on 
stimulating the connective nerves at intervals of two seconds, and 
Fick’ on stimulating the muscle, and Engelmann’ in the case of the 
ureter; but no clear distinction had been drawn between the two kinds 
of summation. 


Fig. 16. Effect of subminimal stimuli 2 per sec. Time-marking 1 


Propagation of the excitatory process, It is very doubtful whether | 
. @ wave of excitation or of contraction spreads from fibre to fibre, as 
happens in the case of the ureter according to Engelmann, and in the 
meduse according to Romanes. It appears very much more probable 
that the retractor penis behaves like the retractor of Sipunculus (studied 
by v. Uexkiill‘), and that the cement-substance between the fibres is 
in the nature of a non-conducting material. 

The muscle being in the double-myograph as in the experiments on 
polar phenomena, one end (penal or perineal) was stimulated by means 
of a faradic or galvanic current. Fig. 17 is a tracing obtained by 
stimulating the penal end with an interrupted current. It is seen that 
the other half of the muscle contracts almost simultaneously. The 
same result follows if a voltaic current is used. A pair of electrodes 
were placed on the penal half of the muscle, one at the end and the 
other a short distance from it. A voltaic current was then led through 


1 Pfliiger’s xxxvir., 8. 15. 1885. 

2 Beitr. zur vgl. Physiol. d. irrit. Subst., 8.49. Braunschweig, 1863. 
 Pfliiger’s Arch., ut., 8. 281. 

4 Zeitsch, f. Biol. xxx1u. 8.1. 1896. 
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the muscle towards the penal end. After a latent period of one second 
both the levers rise together. 


Fig. 17. Length of muscle 14in. Upper curve perineal. Penal énd stimulated with 
Coil 7. Time-marking=6 secs. 
Fig. 18. Pudic nerve stimulated with Coil 8, after 80 mgms. of atropine had been injected. 
Time-marking = 6 secs. 
Fig. 19. Pudic nerve stimulated after injection of 10c.c. of 2 p.c. curare. 


In a muscle whose movements are so slow, doubtless associated with 
correspondingly sluggish internal changes, it is highly improbable that 
there should exist such a rapid rate of propagation. Everything points 
to the conduction of the stimuli through a much more rapid channel— 
the nervous elements present in the muscle. 

In a longitudinal strip of the toad’s cesophagus Bottazzi’ observed 
that the excitatory process was propagated at 17 to 28 mm. per second. 
This is remarkable in view of the otherwise. close correspondence 
between the activity (automatic and induced) of the cesophageal strip 


1 « Contributi alla fisiologia del tessuto di cellule muscolari.” Firenze, Carnesecchi. 1897. 
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and that of the retractor penis, though it has an analogy in the rapid 
propagation of the myogenic contractions (5—10 cm. per sec.) observed 
by Bayliss and Starling in the small intestines of mammals. 


INFLUENCE OF DRUGS. 
Normal Salt Solution (made with tap-water) produces a tonic 


contraction, relaxation from which does not follow warming. This 
deleterious effect is seen only if the muscle has been in the fluid for 
a considerable time (1 or 2 hours), Warming produces a contraction 
at 38°, which is unaltered by cooling. 

Morgen found that 25 pc. to 5 p.c. solutions of NaCl. caused a 
moderate contraction. The effect was slow, but when produced it was 
permanent, 

Atropine and Muscarine. A full Taber on this subject is given 
by Pickering’, and the results obtained by different persons are seen 
to be of the most discordant nature. In the present experiments, by 
mixing a 1 p.c. solution of atropine with defibrinated blood, ‘1 p.c. and 
‘2 p.c. solutions were prepared. The drug was applied by pouring it 
into the chamber. Muscarine was applied by dropping a ‘1 p.c. solution 
directly on the muscle. Nicotine was applied in the same way, a 2 p.c. 
solution of the tartrate being used. 

Very conflicting results were obtained with atropine. In most. 

cases the effect of adding atropine to the defibrinated blood was to 
diiminigh the tonus of the muscle, and in some cases to abolish the 
spontaneous rhythmic contractions ; whereas muscarine caused in every 
instance some increase of tone which could be again abolished by 
treatment with atropine. Similar results were obtained by Bottazzi 
in the toad’s cesophagus. 

Atropine injected into the circulation has no effect whatever on the | 
nerve-endings. Fig. 18 shows the response of the muscle to faradic 
stimulation of the pudic nerve after 80 mgms. of atropine had been 
injected in successive doses varying from 5 to 20mgs. Schultz’s 
results on frog’s muscle, as also those just described, must be due to a 
direct action on the muscle. 

Curare, similarly, has no paralytic action on the nerve-ending in 
smooth muscle. Tracing 19 was obtained by faradic stimulation of pudic 
nerve after 10c.c. of a 2 p.c. solution of curare had been injected in 
successive doses of 2 c.c. | 


1 This Journal, x1v., p. 448. 1893. 
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Nicotine caused an abolition of tonus, us does atropine. On cooling 
from $7° to 14° only a very slight tone was produced, with a tendency 
to relaxation. The excitability to single induction shocks was pre- 
served, 


GENERAL REMARKS. 


; The first question which arises is whether the tone and the rhythmic 
contractions are nervous or muscular in origin. Ranvier, Morgen, 
and Pawlow believed in a nervous causation. Morgen’ stated that 
on removing the mucosa from his muscle-ring the spontaneous con- 
tractions were either absent or very feeble. This he ascribed to the 
damaging of the nervous structures. Ranvier’, on the other hand, 
had found that removal of the mucosa did not prevent the appearance 
of spontaneous contractions in a stomach-ring, though it might retard 
them for fifteen minutes, or half-an-hour. Pawlow® asserted that — 
removal of the posterior ganglion of anodon made the spontaneous 
contractions cease. Schultz believes in a local reflex. Engelmann 
however considered the movements to be muscular in origin; and 
Sertoli came to the same conclusion from the persistence of rhythmic 
power when all nervous structures must have died. In this connection 
one may record the remarkable vitality of the pudic nerve. Fig. 20 is 
a tracing obtained by stimulation of the nerve two hours after death. 


Fig. 90. Pudic nerve stimulated 9hrs. after death. 


From the number of the paths along which motor fibres may reach 
the muscle it is difficult to exclude nervous influences by causing dege- 
neration through section. In several dogs the dorsal nerves of the 

. penis were cut, but after a week or ten days the muscle behaved in 


1 Unters. aus d. physiol. Inst. zu Halle, H, %, 8. 146. 1890. 
2 Legons d’anat. gén. . Sur le syst?me musculaire, p. 420. 
3 Pfliiger’s Arch. xxxvm. 8. 11. 1885. 
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every respect like one from an ordinary animal. In one dog both the 
nervi dorsales penis and the genito-anal branches were divided twenty- 
four days before the experiment, but the tracing was perfectly normal. 
_ There were no spontaneous contractions, but it relaxed on warming, 
and contracted on cooling, and showed a marked contraction at 49°. 

From the evidence already given of the absence of nerve-cells in the 
retractor penis, we may assume that as in the heart, the contractions 
are not due to nervous causes, but have their origin in the muscle- 
substance itself. 

One of the most striking properties of smooth muscle is its power 
of tonic contraction. Of the many hypotheses which have been put 
forward as explanations the following may be mentioned. Griitzner 
had put forward the view that striped muscles were supported in 
tetanus and similar conditions by the red fibres, and Fano suggested 
a similar hypothesis of two kinds of elements to explain the oscillations 
of tonus which he observed in the auricles of Emys Europwa. Bottazzi' 
advocates the theory that only the quick contractions are due to the 
anisotropic substance, and that the slower undulations, which appear 
sometimes in curves of several orders, are caused by contractions of the 
sarcoplasm. He also invokes sarcoplasm to explain various phenomena 
such as the staircase and summation. 

In the tracings of spontaneous contractions of the retractor penis it 
will be seen that the ascending limb of each contraction goes up in — 
steps, while the relaxation is as a rule uninterpreted (Fig. 1). The 
absence of any steps on the line of relaxation is against the application 
of Bottazzi’s suggestion to the present case. The relation between 
the small contractions and the large is so close as almost tu exclude the 
possibility of their arising from different causes. 

There is another possible explanation. Fig. 21 shows that each 
half of the muscle is capable of contracting spontaneously with an 
independent rhythm. This makes it probable that in the tracings 
often seen at warm temperatures, where a succession of fine waves 
in a horizontal line and a period of rest succeed each other, each 
wave is due to the contraction of a separate fibre or set of fibres. 
Now suppose the temperature were lowered. The duration of each 
contraction would be prolonged; and, if the rate at which the 
different sets of fibres followed each other remained unaltered, there 
would be produced a summation of contractions. In fact, we should 


1 This Journal, xxi. p. 1. 1897. 
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have a curve typical . of the large spontaneous contractions at 22° 
(Fig.1 A). One can imagine the internal changes to be so prolonged by 


ads 21. Spontaneous contraction with independent rhythm of each half. 
Time-marking=6 secs. 


- further cooling as to yield tonus by summation. Similarly the tonic 
contraction might be supposed to give way on warming, through the 
hastening of each process and the consequent analysis of the summation. 


SUMMARY OF RESULTS. 


1. The retractor penis muscle consists of a ribbon of parallel 
functionally isolated contractile fibres, with a tendency to automatic 
rhythmic activity. Hence the whole muscle above a certain tempera- 
ture generally exhibits rhythmic contractions of very variable character 
and rhythm. The functional isolation of the constituent fibres deter- 
mines the absence of any polar phenomena on stimulation by passage 
of a constant current, and also apparently the propagation of contrac- 
tion from one muscle-fibre to another. | 


2. The tonus of a resting muscle or the diastolic length of a 
rhythmically contracting muscle are increased or diminished respec- 
tively by a fall of temperature, while a rise of temperature up to 40° C. 
causes an increase in the diastolic length or complete relaxation of the 
muscle. On warming the muscle still further, a contraction generally 
occurs at about 47°C. and is followed by a relaxation at 52°C., while 
the muscle is still excitable. A few degrees higher the relaxation of the 
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muscle becomes complete, and its excitability is permanently destroyed. 
The muscle is dead. The muscle therefore undergoes no rigor mortis, 
but on heating the dead relaxed muscle to 70°C., a powerful contrac- 
tion occurs, evidently due to coagulation of the muscle-proteids. 

3. The motor nerve-endings of the muscle cannot be paralysed by 
any dose which can be administered of atropine or curare. They also 
retain their power of propagating the excitatory condition from the 
nerve to the muscle for at least two hours after the — death of 
the animal. 

4. We see no reason to ascribe the large (tonic) and small varia- 
tions in length of the muscle to the action of specifically different parts 
of each muscle-fibre (Bottazzi’s sarcoplasm theory), but believe that 
the tonic state of the muscle is dependent on the greater or less fusion 
of the rhythmic contractions of the individual fibres. 
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ON THE STIMULATION AND PARALYSIS OF NERVE- 
CELLS AND OF NERVE-ENDINGS. PART I. By 


J. N. LANGLEY, Sc.D. F.RS., Deputy Professor of Physiology 
in the University of Cambridge. 


CONTENTS. 


Remarks on the passage of impulses through sympathetic nerve-cells. 

The stimulation of sympathetic ganglia by nicotine. 

The action of nicotine on spinal ganglia. 

The action of nicotine on the motor cells of the spinal cord. 

The difference of behaviour of central and peripheral pilo-motor nerve-cells. 


In the earlier accounts by Dickinson and myself upon the action of 
nicotine upon the sympathetic system, we spoke of it as first stimulating 
and then paralysing the nerve-cells of the ganglia, since at that time we 
held the common view that the axis cylinder of a nerve-fibre which 
excited a nerve-cell was continuous with it. Later, in consequence of 
the work of Golgi, Ramon y Cajal, v. Kélliker, Dogiel, and others, 
which satisfied most histologists that nerve-fibres are not continuous 
with nerve-cells, but form endings in close connection with them, it 
seemed probable that nicotine acted on these nerve-endings and not 
directly on the nerve-cells. And this view has been taken not only by 
myself, but also by such other observers as have interested themselves in 
the question’. The matter has a certain importance, for until the point 
of action of nicotine is definitely known, some of the conclusions as to 
the automatic and reflex action of nerve-cells based upon its effects 
must in large part be only tentative. es 

I may say a word or two with regard to the view of Apathy and 
of Bethe on the conduction of impulses through nerve-cells, a view 
deduced chiefly from histological observations on invertebrates*. If I 


1 Op. Huber. Journ. Comp. Neurol., vu. p. 122. 1897. 

2 It is perhaps worth while to point out that I do not put forward the physiological 
experiments so far obtained as giving any conclusive evidence as to the histological 
arrangement. I am only contesting certain physiological conclusions which have been 
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understand this theory correctly, it is that nerve impulses pass solely 
by fibrils which in traversing a nerve-cell are unaltered in character 
and are uninfluenced as regards nervous conduction by the nerve-cell. 
So far as regards the peripheral ganglia of mammals, this view is, I 
think, on experimental grounds demonstrably untenable. The injection 
into the blood of a small amount of nicotine prevents any effect being 
produced by stimulation of pre-ganglionic fibres; whilst the injection 
of fifty to a hundred times as much nicotine leaves undiminished the 
normal effects of stimulating post-ganglionic fibres. In other words, 
the passage of nerve-impulses through the ganglion can be prevented 
by conditions which do not appreciably diminish the passage of nervous 
impulses through the nerve-fibrils outside the ganglion. On the theory 
that pre-ganglionic and post-ganglionic fibres are continuous, the fibrils 
must then either be altered in character as they pass through the nerve- 
cells, or their conductivity must be readily influenced by the rest of the 
substance of the nerve-cells. This is further shown by the fact brought 
forward below (p. 226) that nicotine can give rise to nervous impulses in 
sympathetic nerve-cells by a direct action upon them. 

Bethe, in some remarks on the effect of local application of nicotine 
to spinal ganglia apparently considers that the action of the alkaloid 
may be explained by supposing that the nerve-fibrils outside the 
ganglion are protected by a medullary sheath, whilst in the ganglion 
they are not so protected. The fibrils in the ganglion are therefore, 
he thinks, more quickly reached by the nicotine and more quickly 
paralysed. 

It is possible that this view is only intended to apply to spinal 
ganglia, of which I shall say something later. But it is advisable to 
point out that the action of nicotine on sympathetic ganglia cannot be 
explained in this way. The nerve-fibres leaving a ganglion are usually 
without medulla, yet they are not paralysed by enormous quantities of 
nicotine injected into the blood, while the fibres running to a ganglion, 
whether medullated or non-medullated, are paralysed in the ganglion 
and are not paralysed elsewhere. Nor is the view tenable as regards 


based upon histological evidence. The function of structures seen under the microscope, 
if it can be determined at all, can only be determined by experiment. In these pages I 
adopt the terms of the neuron theory, and not that of the continuity of pre-ganglionic and 
post-ganglionic nerve-fibrils, because the facts cannot be expressed in terms of both theories 
without extraordinary verbiage ; and the neuron theory seems to me at present to have 
much the weighter evidence in its favour. If perchance this theory has to be abandoned, 
the physiological facts nevertheless remain. 
1 Anat. Anseiger, xv. p. 308. 1900. 
PH. XXVII. 15 
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the local application of nicotine to sympathetic ganglia, for (1) the 
medulla is not a continuous sheath but is broken at the nodes, | 
(2) substances on loéal application pass readily to the axis cylinder of 
medullated fibres, as is shown by the action of cocaine and other sub- 
stances, (3) dilute nicotine may be applied freely to non-medullated 


fibres without destroying their irritability or conductivity. 


THE STIMULATION OF SYMPATHETIC GAN GLIA BY NICOTINE. 


The application of warm 1 p.c. nicotine to a sympathetic ganglion 
in the cat! produces effects like those produced by brief stimulation of 
its pre-ganglionic fibres. In the case of the superior cervical ganglion’, 
the nictitating membrane retracts completely, the eyelids separate 
widely, the pupil dilates gradually to a full size, but usually not to the 
maximal extent; the hairs of the face area and of the back of the neck 
move distinctly, though not very strongly; the arteries of the ear some- 
times contract slightly, but not infrequently no change is to be seen in 
them. The effects begin about a second after the application of nico- 
tine, quickly disappear, though at somewhat different times in the 
different tissues; and are followed, if sufficient nicotine has been 
applied, by sacebysin of the pre-ganglionic fibres. 

The stimulating effect of nicotine is much diminished by prolonged 
exposure of the ganglion, by interference with its blood supply, by 
allowing it to become cold, and apparently also by prolonged stimulation — 
of the pre-ganglionic fibres. In consequence, considerable caution must 
be exercised in drawing conclusions from an absence of effect. As the 
irritability decreases, there is a stage when the effect on the pupil is 
very slight and transient, though marked effects are still — upon 
the nictitating membrane and eyelids. 

I apply the alkaloid to the ganglion by oetihy touching its sities 
with a small brush loaded with the solution, or by allowing one or two 
drops of the solution to fall on it from a small pipette. It is best not 
to completely isolate the ganglion, since this interferes with its blood 
supply. In the case of the superior cervical ganglion, it is sufficient to 
expose the median surface; the 9th and 10th nerves can be cut close to 
the skull. 


and subsequently with a.c.x. mixture. 

2 The exciting action of nicotine on local application to the superior cervical ganglion 
was first described by Dickinson and myself. Proc. Roy. Soc., xuvt. p. 426. 1889. 
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When it is desired that the paralysis which follows the excitation 
_ should be as brief as possible, warm salt solution should be poured 
freely over the ganglion two to three seconds after the nicotine has 
been applied, and the salt solution then sopped up with a sponge; in 
this way the stimulating action can be observed repeatedly, at intervals 
depending upon the strength of the nicotine employed. 

I have made some observations as to the best strength of nicotine 
to use. On the whole I think that 1 p.c. nicotine, made up with salt 
solution, and warmed to 38° to 40°C. is the best, though I have at 
times obtained equally good results with 0°5 p.c., and good results with 
01 pc. With the more dilute solutions the exciting effects are slower 
but may last longer; and the paralysing effect of course sooner dis- 
appears and may be absent. In all cases it is important to see that 
the solution is applied warm. Some of the details of the use of dilute 
solution will be seen from the following experiment. 7 

Cat. Chloroform and a.c.z. R. c. sy. tied and cut; s. c. gang. partially isolated. 
9th and 10th nerves cut near skull. 0-1 and 0°01 p.c. nicotine in °75 p.c. salt solution 
prepared. In each case, the solution was applied warm to the ganglion with a brush, and 
3 to 5 seconds later, the ganglion was flooded with warm'salt solution and this sopped up. 
2.12. Apply 0:1 p.c. nicotine freely to s. c. gang.; the nict. memb. moves completely back, 

the eye opens, the pupil slowly and moderately dilates, it takes about 4 minute to 
regain its previous size. 
2.14. Apply 01 p.c. nicotine to s. c. g.; no effect. 
Stim. c. symp.—no effect. 
2.18. Stim. symp.—normal effects produced. _ 
2.25. Apply 01 p.c. nicotine to s. c. g.; good effect on nict. memb. and eyelids, slight on 


pupil. } 
2.28. Apply 0-1 p.c. nicotine to s. c. g.; no effect. 
Stim. c. symp.—effects rather less than normal. 
2.30. Apply 0°1p.c. nicotine to s. c. g.; no effect. | 
2.38. Stim. c. symp.—slight retraction nict. memb.; no dilation pupil. 
2.52. Stim. c. symp.—normal effects. 
2.58. Apply 0°01 p.c. nicotine to s. c. 
trace on pupil. 
3.0. Apply 0°01 p.c. nicotine s. c. g.—slight effect on nict. memb. 
3.2. Apply 0°01 p.c. nicotine to s. c. g.—very slight effect nict. memb. 
Stim. c. symp.—normal effects. 
3.14. Apply 0°01 p.c. nicotine to s. c. g.—good though rather slow effect on nict. memb., 
very slight on pupil. 
8.15. Apply 1 p.c. nicotine to s. c. g.—all effects better. 
Stim. c. symp.—no effect. 


In the dog, nicotine applied to a ganglion has a much more prolonged 
exciting effect than in the cat, this is in harmony with its less paralysing 
action, In the rabbit, the pupillo-dilator nerve-cells of the superior cervical 
ganglion are, so far as I have seen, not stimulated by nicotine. 

15—2 
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The stimulation might @ priori be due to an action on (a) pre- 
ganglionic fibres, (b) nerve-endings of pre-ganglionic fibres, (c) nerve-cells, 
including in these their dendrons, (d) post-ganglionic nerve-fibres. 

' There is ample evidence that neither pre-ganglionic nor post- 
ganglionic nerve-fibres are stimulated by dilute nicotine. If it produces 
any effect at all it is in the direction of a decrease in irritability and 
conductivity. 


I mentioned in 1890 (Journ. Physiol., x1. p. 152), that nicotine applied to the ganglion 
stellatum did not stimulate the nerve-fibres which run through it to the superior cervical 
ganglion, though exciting the ganglion stellatum itself. Similar observations are given in 
later Papers. In applying nicotine to the cervical sympathetic, the nerve should be taken | 
low in the neck, since a few nerve-cells are sometimes present in the upper portion, and 
_ these if present will be stimulated by nicotine. 

With regard. to'post-ganglionic fibres, it is easy to ligature the fibres proceeding from 
the supérior cervical ganglion and to apply nicotine to them; it produces no effect. I have 
made similar observations with various grey rami; with these it is necessary to see that 
there are no aberrant nerve-cells. 


The structure stimulated must then be either the pre-ganglionic 
nerve-endings or the substance of the nerve-cells. 

Now if the pre-ganglionic fibres are severed, their nerve-endings 
will degenerate, and if local application of nicotine produces an effect 
after degeneration of the nerve-endings, the effect can only be due to 
an action on the substance of the nerve-cells. I have made three 
experiments’ after degeneration of the fibres of the cervical sympathetic. 
In etherized cats, portions of the nerve were excised ; the time allowed 
for degeneration was 7 days in Exp. 1, 15 days in Exp. 2, and 26 days 
in Exp. 3. 

In each case the result was the same; stimulation of the sinesion! 
sympathetic low in the neck had no affect, showing that regeneration 
had not taken place; the application of 0°5 to 1 p.c. nicotine to the 
superior cervical ganglion caused the most obvious retraction of the 
nictitating membrane, opening of the eye, and dilation of the pupil. 
In Exp. 1 the hairs of the face area were also noticed, there was a 
slight but distinct movement. The effects were not appreciably less 
than those observed on the intact side. 

A similar result is obtained if similar experiments are made on the 
sympathetic chain. One such experiment I have mentioned in an 
earlier Paper"; in this, all the pre-ganglionic fibres of the 3rd lumbar 


Society in May, 1900. 
2 This Journal, xxv. p. 385. 1900. 
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ganglion were cut and allowed to degenerate ; nevertheless a drop of 
1 p.c. nicotine placed on the ganglion caused strong erection of hairs i in 
the region supplied by its grey ramus. As a further test, I have expe- 
rimented upon the sacral ganglia. In an etherized cat, the sympathetic 
was cut on both sides just below the 7th lumbar ganglion, and after 
twelve days the animal was angsthetized with chloroform and A.C.E. 
mixture. Stimulation of the upper cut end of the sympathetic had no 

effect, and stimulation of the several sacral ganglia in the uncut chain 
gave erection of hairs in the patches supplied by their several grey 
rami, showing that all the pre-ganglionic fibres had degenerated, and 
that the nerve-cells and their axons remained irritable. The applica- 
tion of warm 1 p.c. nicotine to each ganglion caused strong erection 
of hairs in the region affected hy electrical stimulation of the Benen 
und in that only. 

The results of all these experiments agree in showing that nicotine 
has a direct stimulating action on the cell-substance of 
sympathetic nerve-cells, | 

The fact that there is no certain diminution in the stimulating 
effect of nicotine after degeneration of the pre-ganglionic nerve-endings 
tends to show that nicotine stimulates the nerve-cells only and does 
not stimulate the nerve-endings. There is confirmatory evidence of 
this in the action of nicotine upon the sympathetic chain. I have 
shown earlier’ that each pre-ganglionic nerve-fibre sends branches to 
three, or more, ganglia, and that electrical or mechanical stimulation of 
any one branch excites the nerve-cells to which the other branches run, 
and thus gives rise to an axon-reflex. If nicotine stimulated the nerve- 
endings of pre-ganglionic fibres, the impulses set up would pass back 
along the nerve-fibres, spread out to their branches in other ganglia, 
and so should produce stimulating effects by way of other ganglia 
similar to those produced by electrical excitation of the nerve. But, in 
fact, on applying nicotine to any ganglion of the uncut sympathetic 
trunk, the hairs stand on end in the region supplied by that ganglion 
and do not move in any region which is not supplied by it. It follows, 
I think, that nicotine does not stimulate the nerve-endings of 
pre-ganglionic pilomotor fibres, and it is probable that it 
does not stimulate the nerve- ane of any pre-gangtionic 
fibres, 

Since the application of 1 p.c. nicotine to a sympathetic ganglion 


1 This Journal, xxv. p. 389. 1900. 
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—whether its pre-ganglionic fibres are normal or degenerated—alters 
its state so that for a quarter to half-an-hour or more, further appli- 
cation has no stimulating effect, it is clear that the nerve-cells are 


_ paralysed for a time so far as regards the nicotine stimulus. But it 


does not perhaps necessarily follow that the nerve-cells are paralysed as 
regards other stimuli, and that all their functions are for the time 
annulled. The discussion of this point I defer - I have obtained 
more satisfactory 


THE ACTION OF NICOTINE ON SPINAL GANGLIA. 


Previous observations, Dickinson and myself’ noticed that free applica- 
tion of nicotine to the ganglion trunci vagi made no appreciable difference to 
the reflex inhibitory effect of the vagus upon respiration. We drew no con- 
clusion from this with regard to the action of nicotine on spinal nerve-cells 
since the afferent fibres might pass through the ganglion of the trunk, and 
become connected with nerve-cells in the jugular ganglion. In some later 
experiments upon the connections and functions of the ganglion of the trunk, 
a part only of which have been published’, I found some evidence that all 
the afferent fibres of the vagus below the ganglion are connected with nerve- 
cells in the tfunk ganglion and not in the jugular ganglion. If this proves 
to be correct, the observation of Dickinson and myself is of the same 
nature as one on a spinal ganglion. | 

Anderson and myself’ in 1892, in pointing out the ‘sympathetic’ nature 
of the ciliary ganglion, mentioned ‘that a dose of nicotine considerably greater 
than sufficient to stop the passage of efferent impulses through sympathetic 
nerve-cells still leaves a free way through the spinal ganglia to efferent 


? 


nervous impulses.’ We pointed out that the fact did not necessarily show 


that the nerve-cells were not paralysed, since the nervous impulse might pass 
direct from the peripheral to the central process ; and we left open the ques- 
tion whether a still larger quantity of nicotine would give the same result. 
Langendorff* found that nicotine applied to the jugular ganglion of the 
vagus had no effect upon the respiratory action of the vagus fibres in the neck. 
v. Gehuchten* experimented upon the sacral, cervical, and lumbar 
ganglia of the dog. According to him the application of nicotine to the 


1 Langley and Dickinson. Proc. Roy. Soc., xiv1. p. 426. 1899. 

2 Langley. Art. in Schifer’s Tezxt-Book, vol. 1. p. 664 (absence of connection of 
trunk ganglion with afferent fibres); this Journal, xxiv. a Proc. Physiol. Soc., p. xxxii, 
(bulbar connection of trunk ganglion). 

3 This Journal, xm. p. 465, 1892. 

* Langendorff. Sitzungsb. d. naturf. Ges. zu Rostock, 1898. 

5 y.Gehuchten. Bibliographie Anatomique, 1899. 
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ganglion stops the passage of nervous impulses through it, whilst if applied 
to the posterior root it has no effect. The strength of nicotine employed is 
not mentioned. 


My observations have been made on the 2nd cervical spinal ganglion 
of the rabbit and cat; the sacral and upper coccygeal ganglia of the 
eat; the 7th, 8th and 9th spinal ganglia of the frog; the spinal ganglia 
of the skate. The reflexes observed were body movements, and in the — 
case of the sacral and upper coccygeal nerves, contraction of the 
external sphincter of the anus. Nicotine 0°1 to 1 p.c. was used; it was 
applied warm to the ganglia of mammals, at the temperature of the 
room to those of the frog and the skate. 

In none of these animals have I found any reflex action to be caused 
by application of nicotine to the spinal ganglia. Nor have I found that 
nicotine stops the passage of impulses through the ganglia, except when 
there was reason to believe that the block was due to a decrease or loss 
of irritability of the nerve-fibres, The experiments are less easy to 
make convincingly in the frog than in either the mammal or the skate 
since it is more difficult to expose the ganglion and posterior roots 
without interfering with the circulation of blood through them. And 
it must be borne in mind that nerve-fibres without a proper blood 

supply, suffer decrease or loss of irritability on free application of 1 p.c. 
~ nicotine, this taking place more readily with the posterior roots inside 
the dura mater than with other nerve-fibres. In a considerable number 
of cases in the mammal, frog, and skate, I have profusely flooded a 
spinal ganglion with 1 p.c. nicotine without causing any observable 
diminution in the reflex obtained by stimulating the nerve-trunk. 

In the spinal ganglia of mammals and amphibia the nerve-cells are 
unipolar, so that the passage of nerve impulses through them’ might 
take place although the nerve-cells were paralysed, but in the spinal 
ganglia of the skate the nerve-cells are bipolar, and it follows—since 
there is no evidence of the presence of any considerable number of | 
fibres unconnected with ganglion cells—that in this case the nerve-cells 
are not paralysed by nicotine. 

I conclude from these results that nicotine has no stimulating 
action on the nerve-cells of any spinal ganglion, that it does 
not paralyse the bipolar ganglion cells of the skate, and that 


1 On this point op. Exner. Arch. f. (Anat. u.) Physiol., 1877, p. 567; Moore and | 
Reynolds. This Journal, xxm. Supp. p. 56. 1898; Langendorff, op. cit. supra; 
v,.Gehuchten, op. cit. supra; Steinach. Arch. f. d. ges. Physiol., uxxvut. p. 291. 1899. 
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probably it does not paralyse the _— ganglia of amphibia 
and mammals. 

In view of the unequal paralysing power of nicotine on the sym- 
pathetic ganglia of different mammals and on different ganglia in any 
one animal’, it is perhaps not surprising that it should have no appre- 
ciable effect on spinal ganglion cells. 


THE ACTION OF NICOTINE ON THE MOTOR CELLS OF THE SPINAL CORD. 


It is known that in the mammal, injection of nicotine causes con- 
vulsions and other signs of strong stimulation of the motor neurons. 
These effects are diminished in proportion to the depth of anesthesia, — 
the muscular movements of the trunk and limbs being the first to be 
absent, then those of the tail, then those of the ears (in the cat) and of 
respiration. In anzsthetised mammals I have not found appreciable 
effects on applying nicotine locally to the spinal cord. The difference 
of response of the nerve-cells of the spinal cord and of those of the 
sympathetic ganglia to nicotine in the cat is easily shown by injecting 
1 cc. of 01 p.c. nicotine peripherally into (e.g.) the 3rd lumbar artery 
in a deeply anesthetized animal. The artery supplies the sympathetic 
ganglia, the spinal ganglia and the spinal cord of the 3rd lumbar segment. 
The injected nicotine stimulates the sympathetic ganglia, causing strong 
erection of hairs in the region supplied by the ganglia, but it causes 
no reflex movement by stimulating the spinal ganglia, no muscular 
moverhent by stimulating the anterior cornual cells of the spinal cord, 
nor any movement of hairs by stimulating the pilo-motor cells of the 
spinal cord. 

In the skate*, 1 p.c. nicotine has an extraordinarily strong and local 
effect upon the bulb and spinal cord. When any point of the spinal 
cord is touched with a brush soaked in 1 p.c. nicotine the muscles of 
that segment twitch violently, and with further application enter into 
strong tetanus. The action is so local that not only is it easy to restrict 
the effect to a single segment, but also to restrict it to one side of the 
body. Similar effects are obtained on the claspers; on application 
of nicotine to the medulla oblongata, the muscles of the branchia, of 


1 I may mention that I have observed one—but only one—instance in the rabbit, in 
which the sympathetic ganglia were not paralysed by nicotine. 

2 My experiments were made with Raia micro-ocellata; R. clavata; R. blanda. The 
fore-brain was destroyed ; this, it is known, alters very little the functions of the rest of 
the central nervous system. 
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the spiracle and the other muscles of the head can be made to twitch 
or enter into tetanus either together or singly, with nv or no general 
effect, 

It is clear then that nicotine is a strong stimulant, direct or 
indirect, of the motor nerve-cells of the bulb and spinal cord 
in the skate. The action is I think direct, for the nerve-endings 
around the cells are probably branches of nerve-fibres which run also 
to other segments; if these were stimulated the nervous impulses 
should spread to the other branches, and the action should not be local, 
as in fact it is. | 

When nicotine is applied twice or thrice to a given spinal segment 
at short intervals, the application ceases to have a stimulating effect ; 
so far then as nicotine is concerned, the nerve-cells are paralysed. 
Nevertheless if the central end of the posterior root to the segment, 
or if the upper part of the spinal cord be stimulated, the muscles 
supplied by the spinal segment contract, though possibly less strongly 
than normal. And the results are not essentially altered by applying 
nicotine to a considerable length of the spinal cord. 

On the assumption that the nerve-cells are paralysed when nicotine 
no longer stimulates them, it follows that on stimulating the afferent 
fibres and on stimulating the descending fibres from the brain, the 
nervous impulses pass direct to the axis cylinders and do not pass 
through the nerve-cell at all. 

The local action of nicotine shows that if there are commissural 
cells in the spinal cord of the skate, they are not stimulated by nicotine. 

The application of nicotine to the spinal bulb causes for a time 
cessation of the respiratory movements in consequence of the tetanic 
contraction of the muscles; the muscles then relax and feeble respira- 
tory movements occur; if the nicotine be washed away, recovery is soon 
complete. If instead of washing away this nicotine, more is applied, the 
respiration may be stopped altogether, but I have found considerable 
variations in, the amount required for this. 


There are one or two points which may be worth mention with regard to 
experiments on the skate. At first I was at pains to keep the exposed tissues 
from the action of sea water ; experiment showed that this was unnecessary, 
the sea water had no obvious effect upon the irritability of the central nervous 
system, or upon the heart-beat. 

Injection of nicotine into the abdominal cavity causes violent twitchings, 


passing in 3 or 4 minutes into rigidity of all the muscles of the body. Ina 


minute or two more the muscles relax. The subsequent effects vary with 
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the amount of nicotine. (1) If a large dose has been given, respiration is 
permanently stopped, and the spinal cord soon loses its irritability ; direct 
stimulation of the motor nerves for a time, however, still causes contraction, 
and the heart goes on beating. (2) If the dose of nicotine is not too great 
(10 to 20 mgrs. in a skate of ‘3 kilos), weak respiratory movements begin, 
and the spiracle is imperfectly opened and shut; reflexes on pinching the 
skin are absent or very slight, the respiration is however insufficient to keep 
up the irritability of the central nervous system, and the respiration after a 
time becomes weaker and then stops. (3) With a smaller dose (3 to 5 mgrs. 
in a skate of ‘3 kilos), respiration begins almost at once, the reflexes are for a 
considerable time much diminished, but the — becomes stronger and 
there is complete recovery. 

The injection of nicotine causes brief inhibition followed by some quicken- 
ing of the heart-beat. After large doses of nicotine, stimulation of the trunk 


of the vagus still causes prolonged inhibition of the heart. This point deserves 
_ further investigation, it may be that the ‘peripheral’ nerve ganglia, unlike 


those in the other animals investigated, are not paralysed by nicotine, or that 
in the skate they are not peripheral in position but central. ~ 


THE DIFFERENCE OF BEHAVIOUR OF CENTRAL AND PERIPHERAL 
PILO-MOTOR NERVE-CELLS, 


A certain number of facts are already known tending to show that — 
dyspneea or asphyxia whilst stimulating strongly the central nerve-cells 
which give off fibres to the sympathetic ganglia, do nut stimulate the - 
nerve-cells of the sympathetic ganglia. The general question I shall 
deal with at a later time. Here I wish only to give an instance which 
emphasizes the fact of the great difference in behaviour of different 
nerve-cells in similar conditions. 

If an anesthetized cat be bled to death, or killed by excess of 
anesthetics, or by asphyxia, all the erectile hairs after a short interval 
stand on end. The movement occurs later than most of the asphyxial 
effects, and usually at any rate after the heart has ceased to beat. The 
hairs remain strongly erect for a minute or more and then slowly fall. 


The occurrence of the contraction of the hair muscles after death suggests that the 
contraction is caused by a change in the nerve-cells corresponding to rigor mortis, but as 
the anesthetics delay the onset of the change, it may be due to a late asphyxial stimula- 
tion. In the dog, strong dyspnea will usually suffice to bring on the hair movement. 


If the pre-ganglionic fibres to any ganglion are cut, no erection of 
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hairs occurs in the region supplied exclusively by that ganglion’. Thus 
if the sympathetic chain on both sides is cut between the 6th and 
7th lumbar ganglia, no erection of hairs will occur in the tail. 

_ Section of the spinal cord does not prevent the post-mortem erection 
of hairs. Further if the cord be cut above and below the nerve-roots of 
_ a couple of segments sending off pre-ganglionic fibres, and the remaining 
nerve-roots be cut, the erection of hairs will occur in the region supplied 
by the nerves of the segments and in no others, 
| Thus the spinal pilo-motor nerve-cells are set in strong activity 

at, or shortly after, the death of the animal, but the sympathetic pilo- 
motor nerve-cells, separated from the central nervous system, remain 
quiescent. 

Since sympathetic ganglia remain irritable for a considerable period 
after the cessation of reflexes from the spinal cord, it might be supposed 
that the sympathetic cells would undergo a stimulative change like 
that which occurs in spinal nerve-cells, but at a later time. This does 
not I think occur, for I have never observed any trace of movement of 
hairs after the primary one. 

_ After a moderate dose of nicotine, and after a large dose of curari, 
no asphyxial or post-mortem erection of hairs occurs. 


SUMMARY. 


In the foregoing pages I have given an account of some differences 
in behaviour of different kinds of nerve-cells. : 
Nicotine stimulates sympathetic nerve-cells; the evidence that it 
paralyses them is incomplete ; the stimulating action is shown to be 
direct by applying dilute nicotine to a ganglion after degeneration of 
its pre-ganglionic fibres. Evidence is brought forward to show that. it 
does not stimulate the nerve-endings of the pre-ganglionic nerve-fibres. 
It has no appreciable stimulating action on spinal ganglia either in 
the mammal, frog or skate; nor does it prevent the passage of nervous 
impulses through them. Since it does not paralyse the bipolar ganglion 
cells of the skate, there is a probability that it has no specific action on 
any spinal ganglia. 
It has a strong stimulating action on the bulbar and spinal motor 
nerve-cells in the skate, and this is some evidence that it also paralyses 


1 The fact gives additional proof that no pilo-motor fibres pass from the cord by the 
grey rami. 
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them. If it does, impulses must be able to pass direct from the pos- 
terior roots and from the cord to the axons of the motor nerve-cells. 

After a large amount of nicotine, stimulation of the vagus in the 
skate still causes inhibition of the heart; either, then, the nerve-cells 
on the course of the vagus fibres differ in reaction to nicotine from those 
of the tortoise, frog and mammal, or they are differently situated. 

The pilo-motor nerve-cells of the spinal cord in the cat send out 
strong impulses a short time after the circulation ceases; the pilo-motor 
nerve-cells of sympathetic — are at no stage excited by asphyxia 
or by death. | 
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OBSERVATIONS ON THE PHYSIOLOGICAL ACTION 
OF EXTRACTS OF THE SUPRA-RENAL BODIES. 
By J. N. LANGLEY, Sc.D. F.RS., Deputy Professor of 


. Physiology in the University of Cambridge. (One Figure in Text.) 


In the course of an investigation upon the action of various poisons 
upon nerve-cells I had occasion to inject supra-renal extract. The 
results seemed to me to make it desirable to inquire more nearly into 
the mode of action of the extract. In the following pages I give an 
account of the inquiry, —- the conclusion on the main point is 
still provisional. 

My observations, unless otherwise mentioned, were made upon cats. 
_ The animals were in all cases anesthetized, first with chloroform or 
ether and then with a.c.E. mixture. After a few preliminary trials, 
boiled extracts‘ after the manner of Oliver and Schafer were made. 
The supra-renal bodies were taken a short time after death’ and dried 
in a desiccator, the glands of each animal being kept separate. When 
required for use a portion of the dried substance was ground with sand, 
and then with ‘75 p.c. salt solution, a drop of acetic acid added and the ~ 
mixture boiled and filtered. The proportion of dried gland to salt 
‘solution was in all cases 1:100, 1.¢. a 1 p.c. extract of dried gland was — 
used. Dogs’ supra-renal bodies were employed in nearly all cases; a 
few experiments with those of the cat gave no difference in result. 

_ Having obtained the effects described in this Paper with the 1 p.c. 
extracts of dried glands, the experiments were repeated with Burroughs 
and Wellcome’s supra-renal tabloids and similar effects obtained. As 
a rule an extract of one tabloid in six c.c. of salt solution was used, this 
corresponds to about 1:1 to 1:3 p.c. extract of the dried gland. I shall 
refer to this extract as (T. 1 in 6). Occasionally stronger solutions 
were employed, viz. one tabloid to three c.c., and one tabloid to one c.c, of 
salt solution. The solutions were prepared i in the manner given for the 
dried glands, except that they were not ground with sand. I quote as 


‘ If the glands are kept moist after death, a considerable destruction of the active 
principle appears to take place. 
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a rule the experiments made with these solutions since they vary less in 
strength than the extracts of the dried supra-renals of different animals. 

Secretion of Saliva. Oliver and Schafer’, who were the first to 
study effectively the physiological action of sapcecanaal extracts, are so 
far as I know the only authors who have made direct observations with 
regard to its influence upon the secretion of saliva. They obtained 
only negative results. . 

I find that the extract causes a lively secretion from all the salivary 
glands, and some secretion from the buccal, esophageal and tracheal 
mucous membranes. On the sub-maxillary gland I have made a 
considerable number of experiments, on the sub-lingual and parotid one 
or two only. 

The rate and duration of the secretion increase, other things being 
equal, with the amount of the extract. Thus with amounts up to 
10 cc. of a 1 p.c. extract, the flow of saliva may last for a period varying 
from half a minute to nine minutes, the duration depending in part 
upon the rate of injection. 

On injecting doses of 5 c.c. each at intervals of a quarter of an hour, 
the duration of the secretion is much the same with each, and the 
amount of saliva obtained is sometimes undiminished (cp. Exp. V.) but 
sometimes decreases. If a fresh injection is made just before the 
secretion caused by the first has stopped, the amount of saliva obtained 
and the duration of the flow are, so far as my few experiments on the 
point go, less with the second than with the first injection, nevertheless 
- protracted secretion may be obtained by repeated injections. 

A small dose of supra-renal extract, though sufficient to cause a 
great rise of blood-pressure, may have no secretory action. . When 3 to 
5 ec. of the extract (T. 1 in 3, to T. 1 in 6) are injected in a quarter to 
half a minute, the secretion begins in 10 to 30 seconds from the 
beginning of the injection. It is later than the rise of blood-pressure, 
dilation of the pupil and most of the other effects. The flow rapidly 
reaches @ maximum and rapidly declines. The following experiment 
will serve to show the course of events. 

Expr. I. Submaxillary duct connected with a tube graduated in millimetres, 10mm. 


containing 0-071 c.c. Chorda-lingual and cervical sympathetic nerves tied and cut. The 
rise of saliva in mm. each 15 secs. was read off. 


The rate of secretion on stimulating tlxe secretory nerves was first taken. It was 


Ch Sy 
() Chorda tympani stimulated. @ Sympathetic stimulated. 
1 This Journal, xvi. p. 230. 1895. 
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The rate of secretion on injecting 2.c. of a 1 in 8 tabloid extract was then obsetved. 
It was 


@ Supra-renal extract injected. 
In this, and in other cases, the injection was begun at the beginning of the period of 
15 secs. One number in black type indicates that the injection was completed in 15 BeC8. ; 
. two numbers in black type indicate that the injection was completed in 30 secs. 


The rapid decline in the rate of secretion is no doubt due to the 
rapid destruction by the tissues of the active principle of the supra- 
renal body: a destruction which has been pointed out by Oliver and 
Schafer and by subsequent observers. 

I have not found that any decrease in the excitability of the chorda 
tympani, or of the cervical sympathetic, is caused by injection of 
supra-renal extract; indeed with sub-minimal stimulation of the chorda 
tympani, the effects appear to be additive. Stimulation of the 
sympathetic, if it is continued after the preliminary increase, causes a 
considerable diminution in the amount of the secretion, probably in. 
consequence of the diminution of the blood flow. The effects of 
stimulating the nerves — the secretion is shown in the following 

Ex, IL Arrangements as in Exp. I. except that the tube connected with the 
sub-max. duct was smaller, 10 mm. containing 0°033 c.c. 

12.10. 0.16. 16.17.8.1.0.9.1.0 

‘By 
12.18. 
Ch 

12.87. Of) 

18. 

®) Inject into femoral vein 5 0.c. of supra-renal extract (T. 1 in 6). 


So far as a single experiment can be trusted, no salivary secretory 
centre in the brain or spinal cord is stimulated by the supra-renal 
extract. In the experiment on this point the chorda tympani was cut 
and the superior cervical ganglion excised on one side; a cannula was 
tied on each side into the duct of the sub-maxillary gland. The 
amount of saliva following injection of the supra-renal extract was 
estimated by the number of drops falling from the cannule; there was _ 
no noticeable difference on the two sides, and the secretion on the two 
sides ceased at the same time. 
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That the supra-renal extract stimulates some peripheral structure is 
shown by the fact that it causes secretion, in little if at all diminished 
quantity, after injection of a large dose of nicotine. 

In the cat 5 mgrms, or less of atropin sulphate paralyses the chorda 
tympani. I was therefore somewhat surprised to find that after 
10 mgrms. of atropin! had been given, 5 c.c. of the supra-renal extract 
might give rise to a fairly free secretion, as in the following experiment : 


Exp. Ill. 5c.c. of supra-renal extract (T. 1 to 6) caused a secretion, lasting 44 minutes. 
10 mgrms. of atropin were then injected. 8 minutes later 5c.c. of the extract still caused 
@ secretion, but only about half the amount caused by the first injection, and it lasted only 
22 minutes. In other experiments in which the cat was smaller than in this case, the 
same amount of atropin caused a much greater decrease in the secretory effect of 
supra-renal extract (cp. Exp. IV.). 


The secretion, however, although sometimes considerable, as in 
Exp. III, was less than normal, and in some experiments was but 
slight (cp. Exps. IV. V.). Further, it appeared that if a large dose 
of atropin was given, as 30 mgrms,, 5 c.c. of supra-renal extract had then 
no effect. The effects obviously depended upon the relative amounts 
of the two substances present in the blood; very much. as in the 
case of atropin and pilocarpin, which I described a good many years 
ago’. The resemblance extends to some other points. When pilocarpin 
causes a secretion after the chorda tympani has been paralysed by 
atropin, it at the same time renders the chorda tympani to some extent 
effective; as the secretion decreases, the chorda causes less and less 
secretion, and shortly after the secretion has ceased, the nerve returns 
to its paralysed state. A similar temporary return of effectiveness to 
the chorda tympani occurs on injecting supra-renal extract after atropin 
(cp. Exp. IV.). There are one or two minor differences to note. In 
order to give sufficient pilocarpin to paralyse 10 mgrms. of atropin 
injected into the blood, it must usually be injected into the duct or 
into the artery of the gland, for if it be injected into the blood, the 
animal will probably be killed by it before enough has been given to: 
antagonise the atropin. This is not the case with supra-renal extract, 
The difference is to be explained partly by the supra-renal extract 
being a much more powerful antagonist of atropin than is pilocarpin, 
and partly by the difference in their action on the heart and blood 


1 Atropin is used throughout for atropin sulphate. 
2 Journ. of Anat. and Physiol. x1. p. 179. 1876. This Journal, 1. p. 358. 1878; 
m. p. 11. 1880. 
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vessels, The effect of supra-renal extract given after atropin is shown 
in the following experiment. 


Exp. IV. Cannula in right sub-max. duct. Chorda-lingual and cervical sympathetic 
tied and cut. Both vagi cut. Cannula for injection in femoral vein. Rise of saliva in 
tube (10 mm. =0°071 c.c.) taken each 15 seconds. . 


12.4. 0.11,18.6.2.1.10.2,2.0 
Ch By 
12.14. 
Ch Sy 
12.26. Inject 10 mgrms. of atropin. 


12.38. Of .0%.3.1.1.0.0,—0.0.0.4.0.0 
Ch Sy 
12.87. Of 
Ch: Sy | Ch 
@) Inject 8 ¢.c. of supra-renal extract. 
12.46. 
Ch Ch Ch Gh 
(8) Inject 4 supra-renal extract. | 
1.5. OW. 0.5. 24.0 
Ch Sy Ch Sy 


Inject 5 c.c. supra-renal extract. : 
1.20. Inject 2 mgrms. of pilocarpin nitrate—no secretion. 


Although after injecting 30 mgrms. of atropin I have not found that 
10 c.c. of supra-renal extract injected into the blood either causes a 
secretion, or restores the irritability of the chorda tympani or of the 
sympathetic secretory fibres, it is I think certain that these effects 
could be produced by injecting a sufficient quantity of the extract, if 
necessary by the gland duct or gland artery. 

It follows from the foregoing that whatever structures supra-renal. 
extract stimulates— whether wheats or gland-cells—atropin. para- 
lyses them’. 

The secretion is not caused by stimulation of the nerve-endings 
of the sympathetic secretory nerve-fibres since the extract has its 
usual effect after the superior cervical ganglion has been excised and 
its post-ganglionic fibres allowed to degenerate, as in the following 
experiment, 


1 Mathews (Amer. Journ, Physiol. rv. p. 498. 1901) has brought forward some. new 
facts in favour of the view that atropin acts directly on the gland cells. The facts are 
interesting, but unfortunately they are inconclusive on the point in question. 
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Exp. V. Right sup. cer. ganglion excised under ether. Ten days later, chloroform and 
given. Right sub-max. duct connected with graduated tube, 10 0.0. = 0°088 
Chorda-lingual n. tied and cut. Flow of saliva taken each 15 secs. 


11.56. Saliva flow. 
12.8. 5c.c. of supra-renal extract (T. 1 in 6). injected into femoral vein in 25 seconds. 
The secretion begins just before the end of the injection. Total secretion 
1564 mm. 
12.25. Saliva flow. =153, mm. 
®) § ¢.c. of supra-renal extract injected in 35 seconds 


12,49. Inject 5.0. supra-renal extract. Total secretion 154 mm. 


1.5. »” ” ” ” ” ” 1634 nm. 
1.21. ” ” ” ” Te ” 151 mm. 


2.23. Inject 10 mgrms. of atropin sulphate. Two injections of extract at 2.29 and 2.36 
each of 5c.c., caused only a slight secretion. At 2.49, 10c.c. of extract caused 
a flow of 78 m.m. 


Supra-renal extract causes also secretion from the sub-maxillary 
gland of the rabbit and the dog. In the dog, the flow has seemed to 


me to be relatively less than in the cat. 


The effect of the extract on the blood vessels of the gland I shall 


. take under the heading of Blood Vessels. 


Lachrymal gland. Supra-renal extract causes a free secretion from 
the lachrymal glands: it produces a secretion though a diminished one 
after intravenous injection of 5 to 10 mgrms. of atropin. In one case in 
which the secretion on the two sides was compared, the superior cervical 
ganglion being excised on one side, and intact on the other, the 
secretion was more abundant on the excision side, but the difference 
observed may have been accidental. 

In the rabbit, there does not appear to be any special secretion from 
the Harderian gland on injection of the supra-renal extract, though 
some fat globules from the Harderian gland may be found in the fluid 
flooding the eye. 

Sweat glands. I have not found any trace of secretion of sweat on 
injecting supra-renal extract intravenously, although a secretion was 
obtained on similarly injecting nicotine. Nor have I found any, on 
injecting the extract (T. 1 in 3 and T. 1 in 1) sub-cutaneously into the 
pad of the foot, although it was readily obtained by similar injection 
of 0°1 pc. pilocarpin nitrate. In one experiment with the stronger 
extract (T. 1 in 1) there was after some time the merest trace of 


secretion, but this may have been spontaneous and caused by warming 
the foot. 
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The secretion of bile. The gall bladder. If a cannula be tied in the 
common bile duct in the cat, and the connection with the gall bladder 
be clamped, injection of supra-renal extract causes an increase in the 
rate of flow of bile, reaching a maximum in two to four minutes, 
and then slowly declining below the previous rate: the decrease may 
. pass_on to a temporary cessation of the flow; occasionally there is a 
temporary decrease in rate of flow before the increase, but this may be 
due to the shallower breathing, caused for a time by the extract. 

Exp. VI. The bile duct was connected with a graduated tube, of which 10 mm. 
contained 0°033 c.c. The flow in millimetres was taken each minute. 
(i) 4.6.8.6.6.8.3. 14. 
(ii) 2.2.930.4.5.4, 24. 
® Inject 5 c.c. supra-renal extract (T. 1 in 6). 


When the duct from the gall bladder is not clamped, there is 
usually a preliminary slowing of the flow of bile. The slowing is 
probably due to inhibition of the tone of the gall bladder, so that the 
secretion passes into this instead of into the cannula. 

Exp. VII. Arrangement as in the a experiment, but the duct of the gall 
bladder was not clamped. 

(i) 4.4. 
(ii) 24. 24. 
©) Inject into jugular 5 0.0. supra-renal extract (T. 1 in 6). 


Sometimes, and especially if the pressure in the tube is a little 
raised, the injection causes a fall of pressure of varying duration, the 
fluid passing back into the gall bladder. 


Expr. VIII. Arrangement as in previous experiment. 10 mm. of tube=0°048 c.c. 
(i) 24 
~2,-2.0.0.1.4. 24. 


® Inject into femoral vein 5 c.c. of supra-renal extract. 
breathing which occurred. 


In an experiment in which the upper part of the duodenum was 
cut open, no flow of bile into the intestine followed injection of supra- 
renal extract, but at the end of an experiment a good _ of bile was 
commonly found in the intestine. 

Pancreatic Secretion. In the cats on which I iit the 
pancreatic secretion ceased very soon after the insertion of the cannula, 
in no case was any secretion caused by intravenous injection of supra- 
renal extract. It should be mentioned, however, that injection of 
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0'4 p.c. HCl into the duodenum also caused no secretion. In the dog, 
the effects varied; when the spontaneous secretion was very slight, 
supra-renal extract (5 to 10 c.c. of T. 1 in 6) had a very slight effect, 
causing a trivial increase of the secretion for two or three minutes 
after the injection; when the spontaneous secretion was moderately 
fast, the effect of the injection sometimes led to a considerable increase 
in the secretion, beginning 20 to 30 seconds after the beginning of the 
injection. | 

The eye. Lewandowsky’ noticed that supra-renal extract causes 
in the cat dilation of the pupil, withdrawal of the nictitating membrane, 
separation of the eyelids, and protrusion of the eyeball. Boruttau’ 
confirmed the occurrence of pupil dilation. 

The effects, as mentioned by Lewandowsky, are very obvious in 
the cat; less obvious in the rabbit, although in this animal also, the 
dilation of the pupil is easily seen. The stimulating action of a sub- 
maximal’ dose of the extract is greater on the pupil than on the 
nictitating membrane, and greater on the latter than on the eyelids; 


the difference may be shown by a difference in the time of beginning of _ 


the several movements. | 
Lewandowsky also showed that supra-renal extract was still effec- 


tive after’ the superior cervical ganglion had been excised, and the 


nerve-fibres proceeding from it allowed to degenerate. He inferred 
that the extract must stimulate directly the muscle substance and 
not do so by way of the nerve-endings. I have confirmed this observa- 
tion of Lewandowsky ; notwithstanding that after degeneration of the 
post-ganglionic fibres of the superior cervical ganglion, the eye, in 
deeply anzsthetized cats, is in a state similar to that produced by 
stimulation of the cervical sympathetic (Kowalevsky, Langendorff); 
.supra-renal extracts still further dilate the already nearly maximal 
pupil, cause the very slightly projecting nictitating membrane to be 
completely withdrawn, and lead to still wider separation of the eyelids. 
' Lewandowsky’s view that the various eye effects are produced by 
a direct action of supra-renal extract on the unstriated muscle is I 
think correct, but it must be borne in mind that effects of the same 
kind are also produced by a decrease of the impulses passing by the 
8rd nerve. In the cat, in life, after excision of the superior cervical 
ganglion, the nictitating membrane may project over nearly half of the 
cornea, or be almost completely hidden; and the aperture of the eye- 

1 Arch. f. (Anat. tu.) Physiol. 1899. p. 360. 

® Arch. f. d. ges. Physiol. uxxvimi. p. 112. 1899. 
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lids varies considerably. These variations it is not unlikely are due to 
variations in the degree of protrusion of the eyeball, but the fact that — 
they occur makes it necessary to use some caution in interpreting the 
movements of these structures. Nevertheless I adopt Lewandowsky’s 
view of a direct action of the supra-renal extract on the unstriated 
muscle, partly because the effects produced by the extract after dege- 
neration of the post-ganglionic fibres seem to me to be too great to 
be accounted for by a decrease of the impulses travelling down the 
3rd nerve, and partly because I have not found that cutting the 
3rd nerve intra-cranially, or-ligaturing the short ciliary nerves peri- 
pherally of the ciliary ganglion—the optic nerve being ligatured with 
_ the ciliary nerves—makes any essential difference to the normal exciting 
action of supra-renal extract. 

The stimulating effects as noticed by Lewandowsky are brief, 
especially on the pupil. I have not been able to satisfy myself that 
there is any stimulating, or other action on the unstriated muscle of 
the sphincter of the pupil. 

It will be noticed that the tissues stimulated are only those which 
are governed by sympathetic nerves, the tissues governed by the 
3rd nerve, so far as the evidence goes, are unaffected. 

In the dog I have made a few experiments only. The animals 
weighed 6 to 8 kilos. Up to 10 cc. of extract (T. 1 in 6) the eyelids 
and the nictitating membrane were little if at all affected and the 
_ pupils slowly and somewhat feebly contract instead of dilating. Large 
doses (10 to 25 cc. of T. 1 in 3) killed the animal by stopping the heart, 
whether the vagi were cut or intact; there appeared however to be 
slight dilation of pupil and other. neual eye effects, eeenty of the 
cessation of heart-beat. 

I have not found any paralysing influence on the cervical sympa- 
thetic after giving 32 c.c. of the 1 p.c. extract in several doses during 
28 minutes, or by giving 10 cc. of a 2 p.c. solution in two doses in 
10 minutes. 

The heart and blood vessels. It has been shown by Gourfein’ and 
by Cybulski* that supra-renal extract in sufficient dose paralyses the 
vagus. The statement is easily confirmed. The paralysis is brief. In 
the cat, 5 to 10 cc. of 1 p.c. extract cause as a rule paralysis for 
30 seconds to 1 to 2 minutes, but there is considerable difference in 


' Gourfein, C. R. Acad. des Sci., 5 Aug. 1895. 
4 Op. Ssymonowiez, Arch. f. d. ges. Physiol. LxIv. p. 146. 1896. 
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Fig. 1. Cat. Effects of stimulating the peripheral end of the vagus after injection of 
supra-renal extract, a is taken from one experiment, b—d from another, 
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different cases, and the paralysing effect may be less with repeated 


injections. 

Curious curves are obtained when a dose is given a little short of 
that required to make stimulation of the peripheral end of the vagus 
entirely ineffective on the tracing.—The respiratory curves disappear or 
are much lessened, and there is slow gradual fall of blood-pressure, with 
a trifling decrease in heart rate ; or the fall may be sudden, though the 
rate of heart-beat is not greatly decreased. Some of the varieties of 
tracings are shown in Fig. 1. 

The curves at first sight suggest some enni-dilatie action, lowering 
the blood-pressure, but they are probably due to weakening of the 
heart-beat without much variation in rate. In this case, the lessening 
of the respiratory curve must be due to an equalising of the strength of 
the heart-beat; 7.¢e. the normal respiratory curves must be largely due 
to a rhythmic variation in the strength of the heart-beat. | 

According to Oliver and Schafer (op. cit.), injection of the supra- 
renal extract in the dog after section of both vagi causes no slowing of 
the heart-beat, but only quickening. In the cat I find that after section 
_ of the vagi, supra-renal extract sometimes causes quickening only of the 
heart-beat, but that not infrequently the rate is irregular during the 
rise of blood-pressure, some slow beats occurring; in one case the heart _ 
stopped for three minutes. The slowing, when it occurs, is I think due 
to the increased work thrown on the heart; whether the action is 
entirely direct on the heart-muscle or is partly due to a post-ganglionic 
axon-reflex there is hardly sufficient evidence to show, but the slow 
beats caused by the extract are fewer or absent after injection of nico- 
tine, although the rise of blood-pressure is commonly greater. 

Blood vessels of the sub-maaillary gland. The primary effect of 
supra-renal extract on the vessels of the gland is constriction and not 
dilation. The gland becomes pale soon after the injection, and remains 
so for 30 seconds or more, it very gradually loses its pale tint, and at — 
the maximal rate of secretion it is distinctly redder than at starting, 
and the flushing only gradually disappears, lasting longer than the 
secretion. The pallor is not so great as that produced by stimulating 
the cervical sympathetic, nor is the flushing so great as that produced 
by stimulating the chorda tympani. Both of these nerves have much 
their usual action on the blood flow, if stimulated whilst the secretion is 
going on. 

In the experiment mentioned above (p. 242) in connection with the 
secretion of saliva, with regard to the effect of degeneration of the 
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post-ganglionic sympathetic nerve-fibres, I paid attention to the colour 
of the gland during the injection of supra-renal extract. There was 
slight but distinct primary pallor of the gland lasting a minute or more, 
and later a gradual slight flushing. The effects were in fact the same 
as those produced normally, though they were rather less distinct. 
The flushing on stimulating the chorda tympani was also rather less 
than normal. The result seems to me to show that the blood vessels 
of the sub-maxillary gland are directly affected by supra-renal extract. 

The view that supra-renal extract acts directly on the unstriated 
muscle of the blood vessels was first put forward by Oliver and — 
Schafer; they showed that the extract stimulated some peripheral 
structure, and as they found that it had a veratrin-like action on 
striated muscle, they concluded that ii acted also directly on unstriated 
muscle. 

Action on other blood vessels. It was noticed by Spina’ that the 
injection of supra-renal extract caused some reddening and increase of 
size of the brain during the general rise of arterial blood-pressure, so 
that in this case the peripheral vessels were not constricted. 

The extract has in fact a very unequal action on the blood vessels of 
different parts of the body, and its action in general runs parallel with 


the action of the sympathetic nerves on the blood vessels. Thus 
injection of supra-renal extract causes great pallor of the uterus and 


but little in the bladder. It has a strong action on all skin arteries 


and so far as I have seen on all medium sized arteries in the body. In 


the abdominal viscera its effect is great on the main branches of the 
coeliac and superior mesenteric arteries; the effect on the easily visible, — 
though small, branches of these arteries in the stomach and intestines 
appears to me to be less than that on either the medium sized arteries 
or on the arterioles. The veins in these organs are little if at all 
affected. 

On local application, similar but more marked effects are produced ; 
thus distinct local pallor can be produced in the bladder; and in the 
stomach the pallor between the small strands of vessels may be so great 
as to suggest active contraction of the capillaries. 

In the dog, pallor of the bucco-facial region is produced by supra- 
renal extract up to 10 c.c. (T.1 in 6); this it will be remembered is the 
effect commonly produced by weak stimulation of the cervical sympa- 
thetic nerve, strong stimulation causing flushing. 


1 Spina, Arch. f. d. ges. Physiol. uxxvi. p. 204. 1899. 


4 


ACTION OF SUPRA-RENAL EXTRACT. 249 


Intestine. It was noted by Boruttau' that supra-renal extract 
causes in the rabbit cessation, for some time, of the peristaltic movements 
of the intestine. This was confirmed by Pal*. 

The effect in the rabbit is very striking in favourable cases, the 
peristaltic and the pendulum movements entirely cease. The inhibition 
is not necessarily synchronous with the pallor of the intestines, it may 
begin earlier or later, and so far as I have seen it always lasts longer. 
It must be noted however that when a particular loop of the intestine 
is much distended, as with bile, the strong contractions in it may be only — 
partly inhibited by an amount of extract which completely inhibits the 
rest of the intestine. 

After a single injection of 5 cc. of extract (T. 1 in 6), the pendulum 
movements begin again in about five minutes, and the peristaltic 
movements somewhat later. 

The supra-renal extract has a similar action in the cat, though the 
effect is generally less striking on account of the eT greater 
quiescence of the intestine. 

Inhibition of large intestine is as marked as that of the small, and 
I have not observed any preliminary contraction. 

@sophagus and stomach. 1 have made some experiments on the 
rabbit by the method I have given earlier* for demonstrating the 
presence in the vagus of inhibitory fibres for the cardia. A tube 
containing salt solution is tied in the esophagus, and connected with 
a vertical tube into which salt solution is driven when required. 
Contraction of the esophagus is shown by a rise of fluid in the vertical. 
or manometer tube, inhibition of the cardiac sphincter of the stomach 
by a fall of fluid. 

The injection of supra-renal extract causes a rapid fall of the fluid 
in the manometer tube, te. the sphincter of the cardiac end of the 
stomach is inhibited. The time after the injection at which the fall 
begins is less the greater the amount of supra-renal extract and the — 
more rapid the injection; thus if 1 cc. of supra-renal extract (Tabloid 
1 in 6) be injected in 10 seconds, the fall usually begins in 15 to 20 
seconds; if 2 c.c. be injected in the same time the fall begins about the 
end of the period of injection. In these cases the fall takes the fluid 
within two or three centimetres, of zero pressure, and is followed by a 
slight rise. When half a c.c. only of the supra-renal extract is 


1 Arch. f. d. ges. Physiol. uxxvm. p. 118. 1899. 
2 Quoted from Lewandowsky. 
3 This Journal, xxim. p. 407. 1898. 


+s 
q 
a 
a 
“J 


250 ae J. N. LANGLEY. 


injected, there may be only one slight opening of the sphincter, causing 


a fall of a few centimetres only in the manometer. With large doses, 


the inhibition of the sphincter lasts for some minutes, and a large 


amount of fluid can be passed into the stomach at a low pressure. The 
effects of a given dose vary somewhat in different rabbits. 

_ T have not observed any preliminary rise of fluid in the manometer 
on injecting supra-renal extract. Ordinarily the variations in the level 
of the fluid’ caused by the respiratory movements make a slight rise 
difficult to observe. If curari be given, these variations can be got rid 
of by suspending the respiration for 20 to 30 secs. There are still the 
spontaneous contractions of the wsophagus, but at times these are very 
slight; in such circumstances the primary effect of injecting supra- 
renal extract is a fall of pressure. And when the water-pressure in the 
cesophageal tube is reduced to a few centimetres there is no primary 
rise on injecting supra-renal extract. Stimulation of the peripheral 
end of the vagus after curari has been given causes (op. cit.) a marked 


rise of pressure with or without a secondary fall. 


In one experiment when curari had been given there was a long period—two, three or 
more minutes—between the injection of 8 to 5 c.c. of the extract and the fall of pressure. 
This suggests some motor effect on the sphincter opposed to the inhibitory effect, but it 
may only have been due to an unusually strong normal tonic contraction. After injection 
of 20 mgrms. of atropin, the fall of pressure promptly followed the injection of extract. 
In all the experiments both the vagi were cut. | 


So far as I have seen, the effects of stimulating the peripheral end 
of the vagus are not modified in any essential point by injection of 
supra-renal extract, though a temporary diminution of the motor effect 
may apparently occur. 

_ A dose of nicotine sufficient to abolish both the motor and inhibitory 
action of the vagus does not appreciably diminish the inhibitory action 
of supra-renal extract. 

When the stomach is exposed and observed during injection of 
supra-renal extract, it is seen that such movements of the stomach as 


are occurring at the time are inhibited (rabbit and cat). The inhibition 


of the cardia in the rabbit is also obvious: the cardia bulges towards 
the end of the cesophagus, in the way characteristic of its inhibition ; 
it stays in this state for a minute or two after injecting 5 c.c. of extract 
(T. 1 in 6), then some rhythmic contractions occur; in the cases I 


have noticed these contractions were much weaker than the after- 


contraction occurring after vagus-inhibition of the cardia. 
The effect on the cardia and the rest of the stomach closely 
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resembles that produced by stimulating the splanchnic nerve, and not 
that produced by stimulating the vagus. 

Rectum and anus. Supra-renal extract does not cause contraction 
of the recto-coccygeal muscle, nor the other effects on the rectum 
which are caused by stimulating the pelvic nerve. In the rabbit, the 
extract causes inhibition of the internal anal sphincter, and pallor of 
_ the mucous membrane; with 5 c.c. of extract (T. 1 in 6), the inhibition — 
lasts one or two minutes, the pallor two or three minutes. There is no 
marked after-contraction. In the cat and dog the extract causes slight 
contraction of the sphincter with great pallor. 

The effect in the several animals resembles in kind that produced 
by stimulation of sympathetic nerve-fibres'; but in the rabbit the inhi- 
bitory action is rather more marked, in the cat and dog considerably 
less. | 

The bladder. Lewandowsky* found that on passing a tube into 
the bladder the internal pressure was decreased by injecting supra-renal 
extract into a vein. The experiment I have tried in the cat. The 
result is striking. In 10 to 15 seconds from the beginning of the 
injection the pressure falls to about zero. Even a 0°5c.c. of the extract 
(T. 1 in 6) will cause a quick fall of fluid in the tube connected 
with the bladder; during the fall the spontaneous contractions are 
diminished or shopped. On injection of 3 c.c. of extract the effect lasts 
for two or three minutes, then the pressure rises and the spontaneous 
contractions become large. Like other supra-renal effects the inhibition 
can, be obtained an indefinite number of times. So far as I have 
seen there is no preliminary rise of pressure such as is produced by 
stimulating the hypogastric nerves. 


Sympathetic inhibitory fibres for the bladder were described by myself in 1890. I 
found, by the manometer method’, that stimulation of the white rami to the inferior 
mesenteric ganglion or of the hypogastric nerves caused a fall of pressure after (usually) a 
primary rise. Griffiths‘ independently obtained similar results; and similar results 
were also obtained by Anderson and myself® and by Stewart®. Anderson and myself 
however, watching the bladder itself not under pressure from the manometer tube, were 
unable to observe any considerable degree of flaccidity following stimulation of the 

nerves, so that we considered the inhibitory fibres, of the nature of other 
known inhibitory fibres, could only be few. The facts described by Anderson and myself 


1 Cp. Langley and Anderson. This Journal, xvi. p. 75. 1895. 
2 Centralb, f. Physiol. x1v. p. 433. 1890. 

® Langley. This Journal, xm. 1890 (Proc. Physiol. Soc. xxiii.). 
4 Griffiths. Journ, Anat. and Physiol. xx1x. p. 74. 1895, 

5 Langley and Anderson. This Journal, x1x. p. 75. 1895. 

6 Stewart. American Journ. Physiol, u. p. 182. 1899. 
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I have repeatedly observed, the contracted bladder does not become flaccid on stimulating 


the hypogastric nerves. The manometer methods, however, show that inhibitory fibres 


of a kind are always present. In recent experiments I find that if the stimulation of the 
hypogastric nerves is kept up for two or more minutes, the fall of pressure begins in about 
a minute, and for two or three minutes after the end of ithe stimulation the fluid passes 
readily into the bladder, and thus a very considerable distension can be produced. 


On local application of supra-renal extract to a portion of the 
bladder, there is at first contraction of the part to which the extract is 
applied, and of more or less of the rest of the bladder; in a minute or 
so the local contraction gives way to local inhibition, and the part to 
which the extract has been applied bulges out. 

Internal generative organs. In the rabbit, supra-renal extract causes 
strong contraction and pallor of the vagina and uterus (resp. uterus and’ 
its cornua) in the female, and of the vas deferens and seminal vesicles 
(resp. uterus masculinus) in the male. A small dose, about 1 c.c. of 
tabloid solution 1 in 6 is sufficient, and the result can be obtained 


‘repeatedly. In the cat there is great pallor and some contraction, the 


latter varying greatly in different individuals. 

External generative organs. Supra-renal extract causes contraction 
and pallor of the external generative organs, both in the rabbit, the cat 
and dog; the effect may last five or more minutes. In the rabbit the 
skin over the penis and anus contracts in the manner described by 
Anderson and myself! as occurring on stimulation of the lumbar 
sympathetic. All the effects are less strong than those caused by 
sympathetic stimulation. 

Scrotum. In the rabbit the extract causes pallor of the scrotum, 
but the main vessels do not completely contract. In the cat there is 
also pallor, and perhaps a trace of contraction of the tunica dartos. So 
far, however, as I have seen, there is never the marked contraction that 
can be caused by stimulating the lumbar sympathetic. 

_ Erector muscles of the hair. According to Lewandowsky’, supra- 
renal extract causes in the cat contraction of the erector muscles of 
the hairs. He found that the effect lasted for hours after local sub- 
cutaneous injection. 

I find that supra-renal extract when injected into the blood in 
small or moderate doses has no effect upon the hairs; when a large 
dose is given, a 5c.c. of a 1 pc. extract, there is often no effect, 


but there is sometimes on careful inspection a very slow and slight 


1 This Journal, xrx. p. 91. 1895. 
3 Centralb. f. Physiol. xiv. p. 438. 1890. 
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movement. With larger doses a slow but distinct movement of hairs 
takes place, but on repetition of the dose the effect is either less or 
absent. Commonly the movement is so slow that it is not actually 
seen, but at the end of a minute or two some hairs are found to be 
above the level of the others. The effect is never comparable to that 
normally produced by stimulating the pilo-motor nerves, by injecting 
a few milligrams of nicotine, or to that occurring after death. 

Nor do I find that ‘sub-cutaneous injection has more than a slight 
effect on the hairs. Thus 2 c.c. of extract (T. 1 to 3) injected under 
the skin over the sacral vertebre in the mid dorsal line, has either no 
effect or causes only a slight slow and partial erection of the hairs; 
when it occurs, however; the position of the hairs may be fairly per- 
sistent. 

In the experiment already mentioned (p. 242) in which the post- 


ganglionic fibres of the superior cervical ganglion were allowed to 


degenerate, injection of supra-renal extract caused the usual slight 
erection of hairs in the face area. So far as is known, there are no 
pilo-motor nerves outside the sympathetic system; consequently the 
contraction of the arrectores pilorum must be due to a direct action 
on the unstriated muscle. 

Respiration. As described by Oliver and Schafer, and by sub- 
sequent observers, supra-renal extract causes temporary shallowing or 
cessation of the respiration. The effect is nearly always most marked 
with the first injection; with repeated injections the effect as a rule 
soon becomes trivial, and always becomes so if the injections are repeated 
a sufficient number of times. 

Injection of supra-renal extract after nicotine. After injection of 
nicotine up to 100 mgrms., a small amount of supra-renal extract still 
causes all its customary peripheral effects, except that the irregularity 
in the heart-beat is less (cp. p. 247). The effect which the extract pro- 
duces by way of the central nervous system on the. respiration and on © 
the heart-beat of course no longer occurs. 


SUMMARY AND REMARKS. 


Supra-renal extract causes a brief, but active secretion from the 
salivary and lachrymal glands, and this is unaffected by degeneration of 
the post-ganglionic fibres of the superior cervical ganglion. It will 
cause a secretion from the sub-maxillary gland after atropin has been 
‘given in sufficient quantity to paralyse the chorda tympani, and the 
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secretion occurring is increased by stimulating the chorda tympani. 
But after a large dose of atropin, injection of supra-renal extract into a 
vein does not cause a secretion. Apparently there is a mutual an- 
tagonism between the two substances. 

It causes a primary moderate pallor of the gland, followed by a 
moderate flushing, and these effects are obtained after degeneration of 
the post-ganglionic fibres of the superior cervical ganglion. It causes 
also some secretion from the mucous membranes ; an increase followed 
by a decrease in the flow of bile, possibly in consequence of variations 
in blood-pressure and blood-flow ; it does not cause secretion from the 
pancreas if this gland is not secreting at the time, but it may increase 
a secretion already going on; it dues not cause, so far as I have seen, 
secretion from the sweat glands of the foot of the cat. | 

The extract, as shown by Boruttau, causes inhibition of the intes- 
tine, and as shown by Lewandowsky, it causes inhibition of the 
urinary bladder. It causes also inhibition of the cardiac sphincter of 
the stomach, the stomach itself, and of the gall-bladder. | 

It causes in the cat, as shown by Lewandowsky, dilation of the 
pupil, protrusion of the eye, retraction of the nictitating membrane, and 
separation of the eyelids, and as also shown by Lewandowsky, these 
effects are produced after degeneration: of the post-ganglionic fibres of 
the superior cervical ganglion. They are not prevented by ligature of 
the short ciliary nerves. In the dog, the extract however may cause 
slow contraction of the pupil with little or no other eye etfects; the 
cause of the contraction has not been determined. 

It causes contraction and pallor of the uterus, vas deferens, seminal 
vesicles, etc. ; the contraction being especially marked in the rabbit. 

As shown by Lewandowsky it causes contraction of the muscles of 
the hairs, but the effect is slight compared with the effects mentioned 
above, and with moderate doses is often absent. 

It causes dilation with pallor of the end of the rectum and internal 
sphincter in the rabbit, and slight contraction with great pallor in the 
cat and dog. 

Its action on the arteries is unequal, it acts relatively more on the 
medium sized arteries of the abdominal viscera than on the small but 
easily visible ones in the viscera (save the spleen), but it causes great 
constriction of very small vessels, either arterioles or capillaries. It has 
a comparatively slight action on the vessels of the bladder. It causes 
great contraction of both large and small sub-cutaneous arteries. That 
Oliver and Schafer, Szymonowicz and Cybulski, and others have 
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observed general contraction of blood vessels and rise of blood-pressure 
hardly needs mention. The extract does not appear to cause any con- 
traction in the general veins of the body. 

It does not cause any marked contraction of the tunica dartos of the 
scrotum (cat), but it may perhaps have a trivial effect. 

The effects produced by supra-renal extract in the cat and rabbit 
may be arranged rouyhly in the following order as regards the amount 
of extract required per body weight to produce an — effect. 

Rise of blood-pressure. 


Inhibition of the sphincter of the stomach and of the intestine 
(rabbit). 

Inhibition of the bladder. 

Dilation of the pupil (cat). : 

Withdrawal of nictitating membrane (cat) ) slightly less readily 

Separation of the eyelids (cat) than the foreguing. . 


Contraction of uterus, vas deferens, seminal vesicles, etc. (rabbit). 
Salivary and lachrymal secretion. 

Inhibition of the stomach. ; 

Inhibition of the gall-bladdcr and increased bile sécretion. 

Dilation of pupil (rabbit). 

Inhibition of internal anal sphincter (rabbit). 
Contraction of internal anal sphincter (cat) effects relatively 
Contraction of internal generative organs (cat) slight, 


Contraction of the muscles of the hairs. 


Contraction of tunica dartos of scrotum 
Secretion of sweat . 


The foregoing account accentuates the fact already known, that 
supra-renal extract varies in its action on unstriated muscle,'some it 
causes to contract, some it inhibits, and on some it has little or no 
effect. 

I have formerly divided the stenusain nervous system into sympa- 
thetic, cranial, sacral, and enteric. It is a noteworthy fact that the 
effect of supra-renal extract in no case corresponds to that which is 
produced by stimulation in normal conditions of a cranial autonomic 
or of a sacral autonomic nerve. It does not produce the effect of 
stimulating the 8rd nerve on the eye, nor of the vagus on the stomach 


no certain effect. 
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or the heart, nor the effect of stimulating the pelvic nerve on the 


bladder, the rectum, the anus, or the generative organs. It is true that 
it causes a free secretion of saliva, but the secretion is not accompanied 
in its first stages by increased vascularity such as is caused by stimu- 

lation of the chorda tympani or of Jacobson’s nerve. | 

It is equally noteworthy that the effects produced by supra-renal 
extract are almost all such as are produced by stimulation of some 
one or other sympathetic nerve. In many cases the effects produced 
by the extract and by electrical stimulation of the sympathetic nerve 
correspond exactly. 

The view which obviously presents itself to account for these facts 
is that the supra-renal extract has a specific stimulating action on 
sympathetic nerve-endings, having little or none on cranial and sacral 
autonomic nerve-endings, and that the degree of stimulation varies 
with the nerve-endings in different tissues. But some results mentioned 
above run counter to this view; they are, the continued activity of the 


extract upon the eye and upon the blood vessels of the submaxillary 


gland, and on the erector muscles of the hair after degeneration of the 
post-ganglionic sympathetic nerves. It is hardly possible to avoid the 
conclusion that in these cases the extract acts directly on the unstriated 
muscle, and if this is so, it is probable that im all cases the action is 
direct. And it will be remembered that it has been shown by Oliver 
and Schafer and by Boruttau, that the action is direct on somatic 
striated muscle. 

In such case the difference in action on , different autonomic tissues 
must depend upon their intrinsic differences; and this takes out of our 
reach any immediate hope of explanation why the action in the several 
cases should correspond so closely with that caused by stimulation of 
the sympathetic nerves. The theory of direct action cannot, however, 
be regarded as more than provisional until it is shown experimentally 
that the inhibitory action of supra-renal extract on certain unstriated 
muscle, and its stimulating action on salivary gland cells take place in 
the absence of nerve-endings. These points I propose to consider in a 
later paper. 
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THE ISOMETRIC VALUE OF ACTIVE MUSCLE 
EXCITED DIRECTLY AND INDIRECTLY. By 


H. R. DEAN, New College, 


(From the Physiological Ozford.) 


THIS investigation has been carried out at the suggestion of Prof. 
- Gotch with the view of comparing the tension developed in active 
muscle when directly stimulated, and when stimulated through its 
nerve. The recording apparatus used has been an isometric lever on 
the model of that of Blix, the lever causing the torsion of a piece of 
steel wire fixed at one end; for excitation I employed an ordinary 
induction coil with a Daniell cell and a spring traveller with a key 
arranged so as to break the seers circuit of the coil at each passage 
of the traveller. 

The first series of experiments were confined to the gastrocnemius 
of the frog, and single induction shocks alone were employed. The 
results thus obtained were communicated to the Physiological Society 
in June at Oxford, and it is these experiments which will first be 
described. Experiments have been subsequently made upon the sartorius 
and the hyoglossus muscles of the frog, whilst the stimulation has 
been extended to sree that of two successive stimuli as well as 
tetanization. 

The preparations used have seni been fresh ones, rapidly dissected 
out and the experiments have been all performed at ordinary room 
temperature (i.e. 15°C. to 17°C.). No attempt has been made at 
present to observe the contractions under variations of temperature or 
abnormal conditions. Two preliminary features of the muscle response 
may be briefly referred to since their recognition is necessary to avoid 
erroneous conclusions. At ordinary temperatures and using fresh 
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preparations, alterations in the amount of muscular tension, during 
activity, may be observed even when a single stimulus of uniform 
character and situation, such as the direct passage of an induced current, 
is repeated at long intervals. These alterations are mainly due to two 
causes; (a) differences between the same muscles of different limbs or 
different frogs; (6) differences in the amount of the initial resting 
tension. 

The first of these is probably associated with the vigour of the 
animal from which the muscle is taken. It is almost certainly not due 
to variations in the weight or volume of the muscle employed ; this is — 
shown by the results of a series of experiments in which over a hundred 
gastrocnemii were directly stimulated by a single break induction shock 
and by tetanisation; the muscles were subsequently weighed, first in 
air, then in normal saline, and thus the volume of each was calculated. 
The resulting table of data showed no regularity of correspondence 
between the weight or volume of any given muscle and the amount of 
tension developed during its activity. As regards the second feature it - 
is well known that the initial resting tension profoundly modifies the 
subsequent development of tension during activity. As the result of 
experiment I have found that an initial tension equal to twenty grammes 
is most suitable for the gastrocnemius, since with this a greater tension 
is developed during activity than when the initial resting tension has 
been one of ten grammes, On the other hand, a larger preliminary 
tension except in the case of very large muscles weighing over half a 
gramme is apt to cause too rapid # fatigue. It may be noted however 
that the maximum tension during contraction, is, as a rule, developed 
with an initial resting tension of 40 to 60 grammes for medium sized 
muscles, The above refers only to the gastrocnemius of the frog. The 
einployment of a resting initial tension of 20 grammes had a further 
advantage in that it appeared most favourable to the development of 
contractile stress in muscle when excited through its nerve. 

Having settled on a favourable resting tension, the main object of the — 
research was: begun, namely, the record of tension developed during 
contractions caused in one case by stimulation of the nerve, in another 
case by direct stimulation of the muscle. In many of the experiments 
I used for indirect excitation a pair of electrodes devised by Prof. 
Gotch for the effective stimulation of nerve. This consists of a fine 
glass tube of a slightly larger bore than that of the nerve to be employed. 
Through the wall of the tube two pieces of ‘platinum wire are passed 
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which serve as the actual electrodes; previous to use the tube is filled 
with normal saline, which is retained by capillary attraction. The 
plexus of a carefully dissected sciatic nerve is ligatured with fine cotton 
and the end of the cotton threaded through a needle which is used to 
bring the nerve up into the tube and thus against the ends of the 
platinum wires. The use of this simple electrode insures a very 
complete excitation of the nerve and keeps the nerve from injury by 
drying, etc. 

The muscle was fixed by clamping the femur and attaching the 
tendon to a hook which was in connection with the isometric writing 
lever. For direct excitation an induction shock was allowed to traverse 
the entire length of the muscle from the hook to the clamp. The 
movement of the isometric lever to the single twitch of the muscle was 
recorded upon a drum driven at a known rate, and the tension expressed 
by the record was ascertained in the usual way by recording the position 
of the lever when the torsion of the wire was produced by a series of 
known weights hung upon the lever. 

Throughout the whole series of experiments I have taken particular 
care to ensure that the stimulus was really maximal whether it was 
applied to the muscle or to the motor nerve, and I have also been very 
careful to maintain the resting tension at the same amount throughout 
the whole series of observations. 


I. The isometric value of a twitch to mdirect and direct 
| stvmulation. 


About thirty trustworthy experiments have been made with the 
twitch and all show that a latger isometric value is attained by the 
muscle in response to "maximal direct stimulation than in response to 
maximal stimulation of its nerve. A typical result of this discrepancy 
is the following obtained with a pair of muscles from one frog. 


Exe. direct Exc. indirect 


Gastroc. from right leg, pull during twitch = 230 grammes 260 grammes 
Gastroc. from left leg, pull during twitch = 210 ,, 250 4 
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‘It seemed possible that the larger effect observed as the result of 
direct stimulation might be due to the summation of an indirect 
response to the stimulus of the contained nerve with the direct response 
to the stimulus of the muscle. To settle this point pairs of gastrocnemii 
were taken and treated as follows. One muscle (the left) was first 


excited indirectly, it gave a pull of 150 grammes, it was then excited 


directly and the pull was now found to be 250 grammes; the muscle 
was then soaked for one hour and a quarter in a solution of one part 
curare in a thousand normal saline, at the end of which time curarisation 
was found to be complete; the preparation was once more fixed to the 
lever and excited directly, it gave a pull of 240 grammes, 1.e. a little less 
than it did in the uncurarised state. 

Meanwhile an experiment on the — gastrocnemius had given the 
following result : _ 


with indirect excitation 140 grms. 
with direct excitation | 230 grms.; 


this muscle was immersed in normal saline for an hour and a quarter, at 
the end of which time direct stimulation elicited a pull of 220 grammes. 
From this control experiment it is plain that the diminution in the 
result of direct stimulation subsequent to curarisation was not peculiar 
to the muscle, which through the curarisation could not be excited by an 
indirect stimulus, but was still more perceptible in the muscle which had 
been simply immersed in normal saline. Hence there is no ground for 
the belief that the passage of the induction current aroused two responses 
when it traversed the muscle, one direct, the other indirect. 
Another experiment gave the — 


Right gastroc, Excitation 150 grammes 
Excitation direct 
‘After — 1} hours in saline: 
Excitation direct 210 grammes 
‘Left gastroc. Excitation indirect 170 
Excitation direct 240 
After soaking 1} hours in 0:1 °/, curare: 
Excitation direct. 220 grammes 


There is here a diminution in each case of 20 grammes, 
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The difference between the pull registered after direct and indirect 
stimulation varied considerably in individual cases, but the excess © 
of direct over indirect was never less than 10 grammes and sometimes 
amounted to 100 grammes. The data of the two extreme instances 
observed are as follows: | 


Smallest recorded difference 10 gr. 160 170 
Largest recorded difference 100 gr. 150 250 


IL Summated effect of two stimuli and its isometric value, 


The apparatus used in these experiments consisted of two coils with 
two Daniell cells connected with two moveable keys of a traveller in two 
primary circuits. The two secondary coils were arranged in one circuit 
with two du Bois keys connected respectively with the muscle and the 
nerve; the two coils were arranged at right angles to prevent cross 
induction. The arrangement of the circuit enabled each of the 
- secondary coils to be placed at such a distance from the primary as to 
ensure maximal excitation for each of the nerve stimuli, and this was 
always verified by experiment. The relative position of the two break 
keys of the traveller was then so arranged that the maximal summated 
effect due to the fused activities caused by the two stimuli was 
obtained. This distance corresponded to an interval between the ‘two 
stimuli of from to 735’. 

With two stimuli the difference observed between the contractile 
stress evoked by direct as compared with indirect stimulation is very 
obvious, being much greater than in the case of the twitch. 

Thus in one case on stimulation of the nerve by a singlesshock the 
tension developed by the twitch of the muscle was equal to 170 grammes, 
while on direct stimulation the tension of the twitch reached 190 
grammes, but on stimulating by two successive maximal stimuli at tbo 
second interval, the result was as follows :— 


 Bxeitation indirect 
4 250 gr. 290 gr. 
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The difference was thus 40 grammes as compared with the difference of 
20 grammes brought out by comparison of single twitches; much larger 
| differences than this have however been noted. The following instances 
| are average instances and may be considered as fairly typical. | 


Two successive stimuli ,5, sec. apart: 


Indirect excitation © Direct excitation 


Left gastroc, 290 grammes 380 grammes 
_ Another pair of muscles; 
a Indirect excitation Direct excitation 
Left gastroc. 390 grammes 520 grammes 


The curare experiments previously described were repeated for the 
case of two stimuli. Thus, in one case the right gastrocnemius excitation 
indirect. gave 310 grammes; excitation direct 500 grammes;: after 
curarisation (;q55 curare in normal saline) for 1? hours similar excitation 
evoked a pull of 450 grammes, As a control the left gastrocnemius 
gave to indirect excitation 280, to direct excitation 420 grammes; after 
immersion for 1# hours in normal saline it gave 360 grammes to direct 
excitation. It is clear from this that the larger effect of the directly 
excited muscle is not due to nerve excitation, and that the muscle 
loses to some extent its efficiency on being kept in normal saline, 


and | 


It was essential for this part of the work that a series of-stimuli in 
rapid succession should act as stimuli for a perfectly definite and readily 
verifiable time. For this purpose the spring traveller was used with its 
two breaking keys (A) and (B). The primary circuit of a standardised 

_ induction coil comprised the key (B) as well as the interrupter of the 
coil; the usual Helmholtz side wire was employed, and obviously the 
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circuit being broken by the traveller passing over the second key marked 
(B), the excitation ceased at this moment. In the secondary circuit 
short circuiting wires connected the secondary coil with the key (A), 
thus until (A) was opened by the passage of the traveller no excitation 
could occur. | 

By this arrangement the tetanising current reached either the _ 
muscle or the nerve when the key (A) was opened and ceased when the 
primary circuit was broken at (B). As the rate of intermission of the 
faradising circuit was 25 per second and the Helmholtz side wire was 
employed to equalise the make and break induction shocks, the effective 
stimuli succeeded one another at a rate of 50 per second,—and the 
number of. these allowed to excite the tissue varied with the time 
interval between the opening of keys (A) and (B). Since this opening 
was effected by the passage of a traveller carrying a smoked glass plate, 
the duration of the stimulation could be accurately determined. 

As a rule the keys were so arranged that this interval should amount 
to 0°14”, the tissue was thus obviously excited by a rapid succession of 
seven stimuli. 

The results obtained by this method of excitation entirely accorded 
with those obtained by the single stimulus and by two successive 
stimuli, Out of several experiments the following instances are selected 
as fairly typical. 


Tetanus duration 0°14” (i.e. seven stimuli at intervals of -02”): 


Right gastroc. 395 grammes 495 grammes 


Left gastroc. 380 ” 500 ” 


Result of another experiment with an interrupter on the primary coil 
giving 64 stimuli in a second. The duration of stimulation was: made equal 
to 0:12”, hence there were eight effective excitations occurring at intervals of 
0153" : 


Excitation indirect Excitation direct . 


Right gastroc. jj. 470 grammes 560 grammes 
Left gastroc. ” 610 
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IV. Experiments wpon the sartorius muscle. 


The occurrence of a distinctly larger response to direct as ites 
with that to indirect stimulation in the case of a tetanus, makes it 
extremely improbable that the greater effect observed with direct 
excitation is due to the simultaneous excitation of a number of 
different points of the muscle fibre which is traversed by the induced 
current, Had the experiments been confined to recording the results 
of a single twitch, this explanation might stand as a possible one, 
though its probability is distinctly lessened by the consideration that 
the sciatic nerve is very evenly distributed throughout the entire length 
of the gastrocnemius, and thus the indirectly evoked response can itself 
begin at various points in muscle fibres, and groups of active elements 
can thus contribute by their simultaneous activity.to the total mecha- 
nical effect. It might however be still maintained that the difference 
between the direct and the indirect response may be related to the 
possibility that the starting points of the contractile process | is more 
multiple in the one condition (direct) than it is in the other 
(indirect). 

To settle this question, at the suggestion of Prof. Gotch, the 
experiments were repeated on a muscle with parallel fibres running 
the entire length of the muscle; for this the sartorius was selected. 

.The use of this slender muscle involved the employment of a 
specially modified isometric lever. The muscle was prepared as fol!ots : | 
The tendon was isolated and the femur with its attached muscle divided 
above the knee, then the remainder of the leg was cut off below the 
insertion of the tendon; rather more than the lower half of the muscle 
was cautiously isolated; finally the abdomen was opened and the sciatic 
plexus exposed. By following down the plexus, the nerve to the muscle 
could be isolated for stimulation immediately after the point where it 
leaves the main trunk to pass down the front of the thigh. The whole 
preparation was then severed from the rest of the frog by a cut passing 
through the lower part of the spinal column and the opposite hind limb» 
was removed. In order to fix this preparation, the ilium of the opposite 
side was clamped, and then the tendon of the sartorius was fastened to 
the isometric lever by means of a steel hook. This preparation could 
be stimulated either directly or indirectly, and, as in the case of the 
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gastrocnemius by either a single break shock, or by a series of several 
adequate induction shocks. The direct stimulation was effected. in two 
ways, by sending the induction shock direct through the muscle from 
the clamp to the hook, by sending the shock transversely across the 
iliac end of the muscle; the recorded isometric results were, however, 
found to be identical, whether the excitation was that-of the former or 
that of the latter type. Now, since in the latter case the response 
begins solely at the part to which the electrodes are applied, whilst in 
the former case the response begins wherever the traversing current 
happens to leave the traversed muscle fibres, and since both methods 
give contractions of the same isometric value, it is clear that variations 
in the seat and number of the exciting points cannot account for the 
difference between the direct and the indirect response. | 

The greater magnitude of the direct over the indirect response is 
quite as marked in the case of the sartorius as in that of the gastro- 
cnemius, although the actual amount of the pull is owing to the weaker 
character of the muscle much less. The following are selected instances 
of some of these experiments, the excitation being both a series of 
stimuli and a single stimulus. 


Excitation for 0°14” with stimuli following each other at “02” (te. seven 
successive adequate stimuli) : Soe 
Excitation indirect Excitation direct 
First muscle 40 grammes 70 grammes (induced currents sent from 
: one end to the other) 


70 grammes (induced currents sent across 


| one end) 
Second muscle 35 os 70 grammes (induced currents sent from 
Third muscle 52 grammes (induced currents sent across) 
Fourth muscle 35 _,, 100 grammes (across) 
3 100 grammes (from end to end) 
Fifth muscle 110 grammes (across) 


In order to demonstrate in a still more convincing way that the 
existence of multiple seats of excitation cannot account for the increased 
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tension evoked by the direct stimulus, an experiment was performed in 
which three pairs of electrodes were applied to three different points in 
the muscle. The response evoked by excitation was the same whether 
the seat of stimulation was localised to one pair, or was simultaneous at 
all three different points. 


Stimulated by one pair; _ pull = 70 grammes, 
Stimulated by three pairs; pull=70 _,, 


The curare experiment previously referred to was also carried out 
with the sartorius. The following is an instance of the result obtained ; 
before curare the muscle pull to indirect excitation was 17 grammes, to 
direct, 45 grammes ; subsequent to curarisation it was 42 grammes. 

(It may be noted that the resting initial tension used for the 
sartorius was only 5 grammes.) Comparisons were also made as to the 
response of the sartorius muscle when excited directly and indirectly — 
by a single stimulus. Thus in one case with indirect excitation the 
pull of the twitch was 16 grammes, whilst with direct excitation the 
pull of the twitch was 23 grammes. 

There is thus little doubt that the sartorius muscle shows the same 
discrepancy between the response to direct and that to indirect exci- 
tation, which is so evident in the gastrocnemius, and that the causation 
of this discrepancy is not connected with the existence of multiple 
seats of excitation in the case of directly applied stimuli. 

The general result was further confirmed by experiments upon the 
hyoglossus muscle, the contraction being evoked by a single stimulus, 
In this muscle an indirect maximal response was obtained by the — 
simultaneous excitation of both hypoglossal nerves, the muscle was 
fixed to the special isometric lever used for the sartorius and the pull 
of its contraction was recorded for both indirect and direct stimuli. 
Two instances are given of the result. In the first case the pull with 
maximal indirect stimulation was 8 grammes; with direct stimulation 
the electrodes being applied at one point (the basal point), the pull 
was 11 grammes; with direct stimulation by electrodes applied one at 
each end of the whole muscle substance the pull was also 11 grammes. 
In another case the pull to maximal indirect excitation was 16 grammes, 
to direct-excitation 31 grammes. 

The initial tension employed for the hyoglossus was too small to 
allow of very accurate determination, but was about aan to 
two grammes, 
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In conclusion it may be remarked that though indications of diffe- 
rences between the muscular response to direct and indirect stimulation 
may be obtained by the isotonic method, and have been observed, yet 
such records afford no reliable data for affirming me striking discrepancy 
brought out by the isometric records. 


(1) From the foregoing observations it seems clear that the total 
tension developed by a muscle in response to direct excitation is greater 
than that which can be elicited by the maximal stimulation of its nerve, 
and that the increased mechanical efficiency of the directly excited 
muscle is not due to summation of an indirect with a direct response, 
nor to variations in the position of the starting point of the response ; 
it is thus little influenced by such alteration in the time relations of 
the active processes as must occur if the position of the starting point 
is changed. 

(2) The result presents several points of interest in — with 
muscular activity. 

In the first place, since muscle has been differentiated to sane to 
the arrival of an excitatory process along its motor nerve-fibres, it might 
have been expected that the response to maximal indirect excitation 
would be the most efficient form of muscular activity. It,appears that 
as regards mechanical effect this is not the case; nor is this surprising 
when it is remembered that mechanical effects brought about by the 
central nervous system are all weaker than those produced by maximal 
excitation of motor nerves. The fact brought out in the present 
research is merely an extension of this disparity. 

In the second place, the discrepancy might be thought to imply that 
direct excitation throws into activity muscular fibres which have no 
nervous connexions and which cannot therefore be indirectly excited. 
Such an interpretation though not impossible, is, however, extremely 
improbable. Putting this explanation on one side, there remains the 
cardinal fact, viz. that the actual magnitude of the active mechanical 
effect in each fibre of a directly excited muscle is more extensive than 
is that of the active process in the same fibre when excited indirectly, 
t.e, by its natural channels, It is most probable that this last statement 
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involves the conclusion that those chemical changes which are so 
intimately associated with the mechanical ones must be of a different 
order or must occur to a different degree in a muscle aroused by the 
direct stimulus of an induced current, than in one aroused by the 
stimulus of the excitatory process present in.a motor nerve énding. 
If this supposition is valid, then it is to be expected that a study of 
the thermal changes will give indications of the same discrepancy, and 
that the directly excited muscle will prove a more efficient thermal 
machine than the indirectly excited one; finally it will be of interest 
to know how far the single electrical response of active muscle does or 
does not show parallel differences. | | | 
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THE CONDITIONS OF CONVERSION OF PANCREATIC 
ZYMOGENS INTO ENZYMES. By H. M. VERNON, 
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Our knowledge concerning the zymogen of the proteolytic ferment of 
the pancreas has received scarcely any additions since 1875, wfien 
Heidenhain first demonstrated the existence of such a body’; and 
though Hammarsten’, and also Langley*, have shown that the 
rennet ferment of the stomach does not exist as such in the gastric 
mucous membrane, but as a zymogen, no proof seems to have been 
adduced of the existence of a similar body in the pancreatic tissue. It_ 
seemed of interest, therefore, to make further observations upon these 
two closely related ferments, and to determine more exactly the 
conditions under which the zymogens of trypsin and of rennin set free 
their enzymes, the rapidity of such transformation, and the — of 
stability possessed by the enzymes, once they are formed. 


1 Arch, f. d. ges. Physiol. x. p. 557. 1875. 
2 Jahresb. it, d. Fortechr. d. Thier-Chem. Wiesbaden. 1872. 
3 This Journal, m1. p. 287. 1882. 
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The methods of estimation of the tryptic power of extracts (depen- 
dent on fibrin digestion), and of the rennet power (dependent on the 
metacasein reaction of milk), have already been described in detail’, and 
so need not be referred to again. The extracts used were invariably — 
made by treating 1 part of the finely minced or chopped gland substance — 
with 4 parts by volume of the extracting liquid, and so were of approxi- 
mately 20°/, strength. The extracting liquids employed were the 
following: chloroform water; ‘9°/, sodium chloride solution containing 
chloroform; saturated sodium chloride solution ; water containing 25 °/, 
of alcohol (methylated spirit); and glycerin, either concentrated, or 
containing 25 °/, or 50°/, of water. Most of these liquids were employed 

_ by Roberts*, but the normal saline and diluted glycerin — do 
not seem to have been used before. 


The Development of Ferment Activity in Kept Eatracts. 


A large number of observations were made upon the ferment activity 
of kept extracts, the extracting liquid being left in contact with the 
gland substance, and small quantities of it filtered off as required. In 
the first few series to be described, the rennet ferment alone was 
estimated ; but, as will be shown subsequently, the tryptic ferment as a 
rule varies qualitatively in a more or less similar manner to the 
rennetic, though its quantitative relationship is by no means constant. 
The accompanying figure shows the rennetic values obtained with 
extracts of an ox pancreas. This gland was obtained half-an-hour after 
death, and was immediately dissected as free as possible from fat and 
connective tissue, passed several times through a mincing machine, and 
mixed with the extracting liquids. During the first few days the 
extracts showed practically no rennetic power, but between the fifth 
and ninth days of extraction the R of the alcoholic extract increased 
from. 1°65 to 167: between the 13th and 19th days that of the normal 
saline extract increased from 7°8 to 203: and between the 19th and 
33rd days that of the aqueous and of the saturated saline extracts 
increased in a similar manner. That is to say, in the course of a few 
days the rennetic value increased from practically nothing to its 
maximum, or nearly its maximum, value. As can be seen from the 
curves in the figure, this maximum was maintained for only a few days’ 


1 This Journal, xxvi. p. 405, and xxvu. p. 174, 
* “ Lomleian Lectures,” 1880. 
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in the case of the alcoholic and aqueous extracts, and then fell rapidly 
away. In the normal saline extract it was maintained for about six 
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Fig. 1. Ox pancreas. 


weeks, whilst in the saturated saline extract it had not diminished at 
all even three months after the beginning of the observations, and even 
13 months after had fallen only to 174. 
In the case of the aqueous and saturated brine extracts, the 
' development of the rennetic power was followed more closely, and the 
following values were obtained : 


Aqueous extract Saturated salt extract 
19 days 168 19 days 39 
21 21°4 22 182 
22 24°3 26 
23 36°0 77 
26 129 28 127 . 
28 * 149 29 153 
29 216 30 238 
36 200 33 295 


In the aqueous extract, we see that the R increased from 36°0 to 129 
between the 23rd and 26th days, and again from 149 to 216 between the 
28th and 29th days. In the saline extract, the most rapid rise was 
between the 26th and 28th days, when the R increased from 37'2 to 127, 
and between the 29th and 30th, when it increased from 153 to 238. 


18—2 


Bris = 
wry 
NM 
q 
| 
| 
| 
| 
“ae 
| 
| 
| 2 
| 
| 
| 
¥ 
“y 
- 
g, 


272 


An explanation of this sudden development of ferment power will be 
afforded further on, though no exact reason can be given as to why one 
extract should develop its activity sooner or later than another. It 
does not in most cases depend on the nature of the extracting liquid, 
for sometimes one extract will become active first, and sometimes 
another. Glycerin extracts form an exception, for in them the liberation 
of the enzyme is always more delayed than in other media. In the 
case of this ox pancreas, for instance, a concentrated glycerin extract 
had a rennetic power of only 28 after four months. However, on 
addition of 50°/, of water to some of the glycerin and gland substance 
(after it had undergone 19 days’ extraction), the rennetic power increased 
to 142 in eight days, so that diluted glycerin does not cause much 


retardation. 


The lowest curve in the above figure shows the values obtained with 
@ normal saline extract of some of the gland substance which had been 
kept 60 hours before extraction. This and other curves of kept gland 
_ substance, which are given in subsequent figures, will be referred to 


later on. 


The next figure shows the values obtained with extracts of pig’s 
pancreas. There was practically no liberation of ferment during the 
first seven days of extraction, and then the rennetic power of the 
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saturated saline extract began to rapidl y develop. That of the alcoholic 
extract followed suit four days later, and the glycerin extract, made with 


Fig. 2. Pig’s pancreas. 
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glycerin containing 50 °/, of water, also began to liberate its ferment, 
though not so rapidly. Taking them as a whole, these extracts did not 
attain their maximum activity nearly so rapidly as the ox pancreas 
extracts. The most rapid development occurred in the alcoholic extract, 
in which the R increased from 49 to 108 between the 11th and 14th 
days. The aqueous extract began to develop its ferment after the 
seventh day, but its maximum value was only about a fourth that 
attained: by the other extracts. In fact, chloroform water proved to be 
the least efficient of all the extracting media employed. As far as the 
rennetic value is concerned, saturated salt solution was perhaps the 
most efficient, for in this medium a higher rennetic value is developed 
even than in glycerin, and the ferment seems to remain equally well 
preserved. For general purposes, however, glycerin is by far the best 
medium. 

The observations on this pig’s pancreas were continued for 130 days, 
but the values at the end of this period differed very little from those 
found after 80 days, so they are not introduced in the figure. 

In the next figure are recorded the values obtained with extracts of 
sheep’s pancreas. The glands of two sheep were obtained, and were 
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Fig. 3. Sheep’s pancreas. 


extracted within two hours of death of the animals. None of the 
extracts showed any activity after seven days’ extraction, and very little 
even after twelve. The saturated salt extract had then begun to 
become active, and within the next four days its R increased from 14:2 
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to 80°0. Still neither this nor any of the other extracts developed their | 
activity as rapidly as the pig and ox pancreas extracts. The R of the 


_alcoholic extract increased from 6°0 to 69°6 between the 12th and 16th 


days, but the maximum value, reached after 19 days, was less than half 
that attained by the brine and 50°/, glycerin extracts. This latter 
extract developed its activity somewhat quickly, its R increasing from 
122 to 133 between the 33rd and 42nd days. The aqueous extract: was 


even less efficient than in the case of pig’s pancreas, the maximum 


value attained by it not being a tenth of that rw by the brine 
extract. 

In all the observations on the Aevsloiiiins of ferment etivity the 
extracts were kept at room temperature. If kept at 38°, the ferment is 
liberated much more rapidly, but it is even more rapidly destroyed. In 
the accompanying table are recorded a few observations made on 
portions of the alcoholic extracts of sheep and pig’s pancreas above 
mentioned, and here it will be seen that at 38° the extract of sheep's 


pancreas reached its maximum activity in 3 days, instead of the 13 days 


required at room temperature. The maximum was not a sixth as 
great, however. Some of the extract filtered off from its gland substance 


Extract Originally lday 2days Sdays 4days Gdays Sdays l0days 13days 
(kept withgland 60 25°7 69°6 — 100 
su ce at 16°) 
substance at 38°) 
Sheep (filtered and kept ‘5 0: — 846 
at 38°) : 
Pig kept with 9 1°8 — 4°9 — 189 
tance at 16°) 
Pig | (filtered and kept. 9 14 535 825 545 30°7 — Aad — 
at 38°) 


reached a smaller maximum after 2 days. Filtered extract of pig’s 
pancreas reached a maximum after 3 days, instead of the 27 days 
required at room temperature. This maximum was fairly high, it being 


- more than a third of the room temperature value. Still it is clear that 


observations on extracts kept at 38° instead of at the room temperature 
teach one much less than they do as to the processes involved. 

The next figure gives the values for dog’s pancreas extracts. The 
gland was obtained from a large bull-dog, immediately after death, 
the animal being killed two or three hours after a meal. The extracts 
were remarkable for the rapidity with which they increased and de- 
creased in ferment power. After two days’ contact with the gland 
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substance they had practically no rennetic power, but six days later, 
when they were next examined, they had attained to nearly their 
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Fig. 4. Dog’s pancreas. 


maximum strength. The aqueous extract had increased in rennetic 
value from 2°6 to 200; the normal saline from 3°2 to 267; the alcoholic 
from 3°6 to 212; the 50°/, glycerin from 2°9 to 372; and the saline 
extract of gland substance kept 28 hours before extracting, from 1°7 
to 347. The fall in rennetic power was almost as rapid as the rise, 
for between the 12th and 30th days the aqueous extract fell from 
278 to 58, the saline from 326 to 72, the alcoholic from 349 to 180, 
and the extract of 28 hours’ kept pancreas from 450 to 110. Sub- 
sequent to this, however, the fall in power was very slow. The 
glycerin extract, as usual, retained its activity, though there was a~ 
slight falling off even in its case. 

It might perhaps be thought that these striking variations were 
brought about by rapid alterations in the temperature of the atmo- 
sphere. This could scarcely have: been the case, however, as they were 
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begun in the middle of October. The observations on ox, pig and 
sheep’s pancreas were begun during August. 

In the next three series of observations to be described, the tryptic 
value of the extracts was determined as well as the rennetic. The 
accompanying figure shows the T and R values of the alcoholic and 
normal saline extracts of sheep’s pancreas, the values obtained for the 
glycerin extracts being omitted so as to avoid confusion. The T values 
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Fig. 5. Sheep’s pancreas. 

are indicated by dotted line curves. From these curves, and also from 
the table of values given below, one can see that the ferments were 
liberated with much greater rapidity than in the case of the extracts 
hitherto mentioned. A similar rapid liberation of enzyme was observed 
in the other series of observations to be described. The probable 
explanation of this lies in the fact that in all these cases several glands 
were used, and minced together, whilst in the observations just described 
only a single gland was used, except in those on the sheep, when there 
were two. Thus in the present instance four sheep’s glands were 
minced up, and in the extracts of pig’s pancreas described below, 
respectively four and two glands. Presumably the slight differences 
in the nature of the gland tissue obtained from different animals leads 
to a more rapid liberation of ferment. 3 

To return to the discussion of the figure, we see that as regards 
the alcoholic extract, both the tryptic and rennetic ferments began 
to develop at once, and both reached their maximum after 12 days. 
After this the tryptic power rapidly fell away, but the rennetic 
remained nearly at its maximum for 74 days before it began to 
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decline. Subsequently, however, it fell off very rapidly indeed. In 
the table is given the ratio between each pair of R and T values, 
and it will be seen at a glance that this is highly variable. Between 
the Ist and 4th days of extraction it-dropped from 129 to 3°7, and 
then 19 days later it rose to over 20. At this level it remained for 
98 days, and then suddenly dropped again. The great variations of 
the ratio during the first few days. of extraction are due to the fact 
that during this time the rennetic power of the extract remained 
almost constant, whilst the tryptic power rapidly increased. Such 
_ a striking difference in the times of liberation of these enzymes from 
their zymogens is quite exceptional, it not being observed in any other 
instance. In fact, one may state in most definite terms that when an 
extract liberates the tryptic enzyme, it liberates also the rennefic. 
Roughly speaking, one may also say that as a rule, when an extract 
begins to deteriorate in respect of the tryptic enzyme, it sooner or later 
deteriorates in respect of the rennetic. Hence it follows that the 
_ curves of rennetic values given above for ox, sheep, pig, and dog’s 
pancreatic extracts afford a fair indication as to the times and manner 
of liberation of the tryptic ferment, and to some extent also suggest 
the times at which this ferment underwent deterioration. It should 
always be remembered, however, that the relationship between the two 
ferments is only roughly qualitative. Sees, the resemblance 
is but slight. 

As regards the normal saline extract, it will be seen in the figure 
that the correspondence between the values of the two ferments is 
more close, especially after the first thirty days. Still the tryptic 
ferment reached its maximum after 41 hours’ extraction, and the 
rennetic only after 8 days. From these respective periods onwards 
both ferments diminished rapidly in activity. From the 63rd to the 
86th day, however, both underwent a slight secondary rise, and then 
gradually diminished again. The ratio of R to T thus remained 
moderately constant from the 63rd day onwards. With one exception, 
the ratio also remained fairly constant from the Ist to the 17th 
day, it then being about three times as great as that observed 
subsequently. 

In the case of the 75 °/, glycerin extract, the ratio between R and T 
remained even more constant, for between the 23rd and 149th days 
it varied only from 3°3 to 5°8. One cannot attach much importance 
to the values observed during the first few days, as they were so 
small that they could not be determined with much exactness. Both 
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ferments began to develop very gradually for the first 30 days, and 
then increased more rapidly, so that the tryptic ferment reached its 
maximum after 63 days’ extraction, and the rennetic ferment after 
86 days. 

The glycerin extract of gland substance kept 63 hours before 
extraction will be mentioned again further on, but attention may 
here be drawn to the remarkably high ratios obtained over the whole 
series of observations. They varied from 22°7 to 46°6, or were on an 
average more than five times as great as those observed with the 
glycerin extract of normal gland substance. 

Comparing the various extracts together, we see that the glycerin 
extract attained the highest tryptic value, it being more than twice 
as active as the alcoholic extract, three times as active as the normal 
saline extract, and four times as active as the glycerin extract of kept 
gland substance. The rennetic values show much less variation, the 
maxima of the different extracts varying only from, 341 to 423. 
Curiously enough the absolute maximum was attained by the extract 
of kept gland substance, which maintained a uniformly high rennetic 
value througho 
In the nal figure are given the tryptic and rennetic values 
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Fig. 6. Pig’s pancreas. 


obtained with alcoholic and normal saline extracts of pig’s pancreas. 
The alcoholic extract attained its maximum tryptic value after 9 days, 
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and then fell away gucawhel, but it was not until after 47 days’ 
extraction that it began to deteriorate rapidly. The rennetic value 
did not reach its maximum till after 47 to 71 days’ extraction, and did 
not begin to fall away rapidly till after 105 days. By this time the 
tryptic ferment had dwindled down to less than a fifth of its former 
value, so that the ratio of R to T underwent considerable variations. 
During the first 47 days’ extraction, however, it remained nearly con- 
stant, it varying only from 3°5 to 56. It then gradually increased to 
a maximum of 22°7, and then fell away again. 

~The normal saline extract was somewhat remarkable, in that its 
tryptic value reached a very Jow maximum after 5 days’ extraction, 
and then remained practically unchanged. for 66 more days. Its 
rennetic value, on the other hand, was not much inferior to that 
observed with the alcoholic extract. It practically reached its maxi- 
mum .after 9 days’ extraction, remained constant for 38 days, and then 
somewhat rapidly deteriorated. The ratio of R to T did not undergo 
any very marked variations for the first 71 days, but then it suddenly 
rose to its maximum of 27°9, and as suddenly fell. 

The 75°, glycerin extract behaved very much like the similar 
extract of shieep’s pancreas. The tryptic power increased only very 
slowly at. first, and then more or less suddenly rose to a maximum. 
This it maintained for only 24 days, and then underwent a considerable 
deterioration. The glycerin extract of sheep’s pancreas was noticed 
to undergo a lesser deterioration after remaining 23 days at its 
maximum, The explanation of ‘this falling off almost certainly 
lies in the auto-digestion which these extracts- underwent. During 
the first few days after the maximum activity had been attained, 
the extract could be filtered off fairly readily from the gland sub- 
stance, but after this with ever-increasing difficulty. Finally the 
gland substance and glycerin became mingled into an almost homo- 
geneous pulp. 

The rennetic value of this glycerin extract developed at the same 
time as the tryptic, though it did not reach its absolute maximum 
till some weeks later. Also it did not undergo the subsequent diminu- 
tion noticed in the case of the tryptic ferment. Still from the 47th 
day onwards the ratio remained fairly constant, it varying only from 


to 

Comparing the various extracts together, we see that the maximum 
tryptic value of 208, attained by the glycerin extract, was more than 
double that of the alcoholic extract, and nearly ten times that of the 
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normal saline extract. It was, in fact, the most active preparation 
I obtained. Some idea of its activity is furnished by comparing it 
with other preparations. Ktihne’s dried pancreas preparation, digested 
with 5 parts of ‘1°/, salicylic acid for 20 hours at 38°, was found to give 
an extract with a tryptic value of 3:94, or was about a fiftieth as active. 
A soluble trypsin powder (Griibler) was+found in 10°/, solution to 
have a tryptic value of 23'2. Now ‘1 gm. of this preparation was said 
to be capable of dissolving 8 gm. of fibrin, hence 1 c.c. of the glycerin 
extract of pig’s pancreas should have been capable of dissolving 72 gm. 

As in the case of the sheep’s pancreas extracts, the rennetic values 
differed much less than the tryptic, the maxima attained by the various 
extracts varying only from 359 to 501. The rennetic ferment is 
evidently more stable than the tryptic, and is much less affected by 
the nature of the extracting liquid. Taking the extracts as a whole, 
one may conclude that the rennet ferment is liberated somewhat more 
slowly than the tryptic, and so does not attain its maximum quite so 
soon. Similarly it does not begin to deteriorate so quickly as the 
tryptic ferment, but once it does begin it may fall off very rapidly 

indeed. | | 

In the accompanying table are given the means of all the ratios 

of R to T obtained with each extract. Except in the case of the 


ints erat: 


Sheep Pig 
Glycerin... 6°3 4°9 


Glycerin (kept gland)  33°7 


- normal saline extract, all the ratios are higher for sheep’s pancreas 
than for pig's. We may probably conclude, therefore, that sheep’s 

| pancreas contains a relatively greater amount of rennet ferment than 

i of tryptic; or, otherwise stated, the pig’s pancreas contains a relatively 

i greater amount of tryptic ferment. The high average ratio yielded 

| | by saline extract of pig’s pancreas is merely the result of the tryptic 

| 

| 

| 


u ferment failing to develop anything like its full strength. 

' The rennetic and tryptic powers of a number of other extracts 
were also compared, the tryptic power being estimated by another 
but less accurate method of fibrin digestion. Taking the mean ratio 
of R to T in all the observations as unity, then the mean ratio for 
five different extracts of human pancreas was found to be ‘45; for 
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four of pig’s pancreas, ‘61; for five of dog’s pancreas, ‘97; for four 
of sheep’s pancreas, 1°17, and for six of ox pancreas, 1:82. Apparently 
therefore, the human pancreas contained about four times more trypsin, 
relative to its rennin, than did ox pancreas, whilst pig’s pancreas 
contained about three times as much, and dog’s pancreas about twice 
as much. 

Another short series of observations was made upon extracts of 
pig's pancreas, only two glands being used in this case. Nevertheless, 
as can be seen from the figures given in the subjoined table, the 
alcoholic extract began to develop its tryptic and rennetic power 
immediately. So much so, indeed, that the tryptic power reached 


pancress) 2days 4days Ildays days 41 days 
Alcohol ... _... T 50°4 486 492 52°6 26°9 
R 48°7 150 203 239 238 245 
R+T 48 4°9 45 
dest. 384 52:2 492 428 5652 21°9 
75 Glycerin ... T 30 3°8 70 8°4 13°1 
(gland kept 20hrs.) $$ R 87°8° 51 56 79 96 
R+T 12°6 13°5 8°0 9°4 73 
dest. —  +59°0 — +626 +145 


nearly its maximum after two days. The attual maximum, attained 
after 21 days, was not much more than half that obtained in the 
previous observations on pig’s glands. The rennetic power was like- 
wise considerably less. The ratio of R to T remained fairly constant 
for the first 21 days, and was less than half as great as that of the 
75°/, glycerin extract of kept gland substance. In fact, the ratios 
obtained for each of these extracts bear a close resemblance to those 
obtained with the similar extracts of the former glands. 


The change in stability of the trypsin in kept extracts. * 


In a former paper (loc. cit. p. 414) it was shown that the trypsin 
of active extracts was an exceedingly unstable body, so much so that 
if the diluted extract were kept at 38° with -4°/, sodium carbonate, 
about 65°/, of it was destroyed in an hour. On the other hand, 
comparatively inactive extracts, with about a hundredth the tryptic 
power, had only about 7°/, of their ferment destroyed per hour by 
similar treatment, and extracts of intermediate degrees of activity 
showed intermediate degrees of ferment destruction. These results 
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were taken to indicate that the ferment trypsin is not a single chemical 
substance, but that there exist a series of trypsins of gradually increas- 
ing degrees of stability. When an extract is kept, therefore, and 
gradually undergoes deterioration, the most sensitive trypsins would 
be first destroyed, and the least sensitive ones last. 

These conclusions are fully supported by the results since obtained. 
In almost all the above recorded determinations of the tryptic value 
of extracts of sheep and pig’s pancreas, the rate of destruction of the 
ferment was determined in addition. This was done by diluting a 
known quantity of an extract to ten times its volume with °4°/, Na,CO,, 
keeping it for exactly an hour at 38°, and then determining its tryptic 
value in the ordinary way. Such a quantity of extract was taken as 
to give about the same digestion time as the untreated extract. Sup- 
posing, for instance, an extract with a T of about 40 were expected to 
have 50°/, of its ferment destroyed, then ‘5 cc. of the extract would 
be treated with Na,CO, at 38°, and would then be found to give a 
fibrin digestion time of 30 minutes, or the same time that ‘25 c.c. of the 
untreated extract would afford. 

The percentages of ferment destroyed per es are given in the 
tables of tryptic and rennetic values obtained with extracts of sheep 
and pig’s pancreas. As regards the alcoholic extract of sheep's pan- 
creas, we see that during the first 8 days of extraction, about 70°/, 
per hour of the ferment was destroyed. Then, as the tryptic power 
diminished, the stability of the ferment increased, and between the - 
23rd and 86th days, when the tryptic value averaged 17°8, the de- 
struction rate averaged only 54°5°/,. The considerable drop in tryptic 
power between the 86th and 12lst days was accompanied by a 
corresponding increase of stability, so that from the 12Ist day onwards, 
when the tryptic value averaged 89, the destruction rate averaged 
only 12:2°/,, or less than a quarter as much as in the previous 
period. 

The normal saline extract of sheep’s pancreas did not afford such 
striking evidence as the alcoholic, in that the tryptic value was 
irregular. This fell from its maximum of 23°7 on the 2nd day to 
7°3 on the 30th day, and then rose again to 11°4 on the 86th. During 
all these 86 days it must therefore have contained considerable quan- 
tities of unconverted zymogen. However, we see that when the extract 
was most active, it was also most unstable, and when least active, least 
unstable. Thus from the 121st day onwards, when the tryptic value 
averaged 5°7, the destruction rate averaged 19°6°/,, or about half as 
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much as between the 17th and 86th days, when the tryptic value 
averaged 9°5, and the destruction rate 38°2°%/,. 

The ferment of the glycerin extract, once it had developed its full 
power, proved to be most extraordinarily unstable; more so, in fact, 
than in any other extract obtained. Also the instability did not seem 
to diminish, in spite of the tryptic value falling off by a third, and 
from the 63rd day onwards, when the tryptic value averaged 61°4, the 
destruction rate averaged 80:0°/,. The destruction rates after 63 and 
77 days’ extraction were in fact somewhat smaller than those observed 
subsequently, but this may very well have been due to the presence ~ 
of small quantities of unconverted zymogen, from which the enzyme 
was liberated on exposure to the Na,CO, at 38°. Thus the extract 
had a destruction rate of only 20°8°/, after 30 days’ extraction, and 
before the tryptic power had much developed. Also, as we shall 
see later, extracts may even contain such large quantities of zymogen 
as to exhibit a considerable increase of tryptic power when kept 
at 38°. 

The glycerin extract of kept gland substance seemed somewhat 
more unstable during the first 30 days than it did later on, although the 
tryptic power had slightly increased. Still the difference observed is 
within the limits of experimental error. This is necessarily somewhat 
large, depending as it does on the determination of two ferment values, 
either or both of which may be—exceptionally—as much as 10°/, in 
error, though probably the average error is not more than 5°/,. The 
tryptic value of this extract was very variable from day to day, probably 
owing to the presence of unconverted zymogens, but on the whole it 
may be considered to have kept roughly constant. Taking a mean of 
all the observations, therefore, we find that the tryptic value averaged 
11°8, and the destruction rate 42°6 °/,. 

The results obtained with the alcoholic extract of pig’s pancreas 
bear a close resemblance to those obtained with the similar extract 
of sheep’s pancreas. On the whole, however, the ferment seemed 
distinctly more stable, in spite of the fact that the extract was about 
three times as active. Thus the maximum destruction rate was only 
63°5°/,, whilst with sheep’s pancreas values of 72°8, 67°4 and 67°3 °/, 
were obtained. The stability of the trypsin increased regularly as 
the activity of the extract decreased. Thus both tryptic value and 
destruction rate experienced correspondingly slight falls between the 
47th and 59th days, and 59th and 71st days, and correspondingly big 
ones between the 71st and 105th days. The T in this latter case fell 
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from 47'2 to 17°6, and the destruction rate from 32°1 °/, to 10°1°/,. The 
minimum T was reached on the 122nd day, and from this time onwards 


_ it imereased so considerably that by the 158th day it had almost 


doubled itself, Large quantities of unconverted zymogen must. _ 
have been present therefore. - 

The normal ‘saline extract gave somewhat 
between the 9th and 71st days, when the tryptic value remained nearly 
constant, the destruction rate likewise remained nearly constant. The 
former then averaged 20°2, and the latter 31'2°/,. Between the 71st 
and 105th days the tryptic value diminished by more than half, and 
from that time onwards increased again slightly, it averaging 10°6. 
The destruction rate also fell off, but not so much as one would expect, 
it now averaging 18'8°/,.. The increase in the tryptic value between 
the 105th and 135th days shows that, as in the alcoholic extract, 
unconverted zymogen must still have been present. During the first 
two days of extraction this was so much the case that the extract 
showed a distinct increase in tryptic power on keeping with Na,CO, at 
38°, so the liberation of fresh enzyme must have been considerably 


more than sufficient to counterbalance the destruction. In the 


glycerin extracts this liberation of enzyme was even more marked. 
Thus the tryptic power of the 16 days’ extract of fresh: gland was found 
to be increased by 67°/,, and in another determination, in which the 
time of exposure to Na,COQ, at 38° was only 8 minutes, an increase of 
243 °/, was observed. The glycerin extract of gland substance kept 
25 hours before extraction showed an increase of 112 °/, after 47 days’ 
extraction, whilst even after 135 days the destruction rate was only 

8°4°/,, although the tryptic value was 35°0. Hence even then a se 
deal of unconverted zymogen must have been present. 

The glycerin extract of normal gland substance showed a siaiiaally 
constant destruction rate from the 47th day onwards, in spite. of the 
tryptic value falling off from 208 to 139, As the same phenomenon 
was observed on the corresponding extract of sheep’s pancreas, it can 
scarcely be an accidental result. Presumably a considerable quantity 
of ferment in these very active extracts, perhaps a third or even a half 
of it, consists of trypsin molecules of the same degree of instability, so 
that only when most or all of this trypsin is destroyed can the more 
stable trypsins reveal their presence by a diminished destruction rate. 

The mean destruction rate for this extract of pig’s pancreas is 
°/,, as compared with the 800°/, value observed with sheep's 
pancreas, We see therefore that the extracts of pig’s pancreas, though 
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about three times more active than the corresponding extracts of 
sheep's pancreas, are distinctly more stable than they. One may 
accordingly conclude that the trypsins of one series of extracts do really 
differ from those of the other series as regards stability. 

The nature of the extracting liquid seems to be of doiapebitively 
little direct importance in the question of the stability of the trypsins, 
this depending chiefly or entirely on the tryptic value of the extract. 
In the accompanying figure are plotted out all the decomposition rates 
obtained with the various extracts of sheep's pancreas, even those 
recorded in the above-mentioned paper being introduced. Though 


i 


Tryptic value 


“Fig. 7. 


somewhat. variable, they are on the whole in fair agreement with the 

mean curve which has been drawn through them. This curve therefore 
indicates the average destruction rate of extracts of sheep’s pancreas 
of all degrees of tryptic value. The curve has been drawn to indicate 
that at least 2°/, per hour of the ferment in an extract would undergo 
destruction, however feeble it be, and also that all extracts with a. 
tryptic value of 40 and upwards possess the same destruction rate of 
80°/, per hour. For the sake of clearness, the destruction rates obtained 

with extracts of pig’s pancreas have not been introduced in this figure, 
but a part of the mean curve itself is given. This is founded on the 
results obtained with all the extracts of pig’s pancreas above mentioned 
(except those of kept gland substance), on the second series of alcoholic 
extract values, and on the few values recorded in the paper aforesaid. 
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The entire difference in the form of the curve from that obtained with 
sheep’s glands well indicates that extracts of glands from different 
animals, though of the same tryptic value, may differ very widely in the 
stability of their ferment. 

It is probable that the destruction rates observed for trypsins hold 
approximately also for rennins. It was found? that active extracts, 
with an average R of 395, if kept at 38° with 10 times their volume 
of water for an hour, had on an average 493°, of their ferment 
destroyed. Less active extracts, with an average R of 228, had 39°4 of 
destroyed: those with an R of 66°6, 243°/,, and those with an R of 
27°4,11°6°/,. No further observations were made upon the destruction 
rates of rennins, but some were made on trypsins, after the extracts 


fi had been kept for an hour at 38° with water, instead of “4°/, Na,CO,. 
| These observations are cullected in the accompanying table, where the 
i) i percentages of the destruction rates by water on those by Na,CO, are 
q | also given. Though the values are distinctly irregular, we see that the 
| ferment of 
estroyed water destruction rate 
| | Extract T by water to that of NagCOs 
Glycerin ext. pig 316 42°8 
Glycerin ,, sheep 61°2 530 
Alcohol ,, pig eae 29°9 152 
Alcohol ,, sheep .. ... 178 360 
Hi | Glycerin ,, sheep (kept gland) 10°5 31-6 55-9 
NaCl 58 6:2 775 
| . 
i i water in all cases destroyed less than the Na,CO,, the water destruction 
ie Hi rate being on an average 69°9°/, on the Na,CO, destruction rate. 
i Now if the destruction rates for trypsin obtained in the observations 
i Hi on sheep and pig’s pancreases be reduced to 70 °/, their value, numbers 
| ' are obtained which are closely comparable to the rennin destruction 
a rates above mentioned. In still another respect, therefore, does the 
i rennet ferment resemble the tryptic. 


The action of enzymes on zymogens. 


|) We have seen that pancreatic extracts frequently remain com- 
| | paratively inactive for a variable number of days, and then more or less 
i: | rapidly develop their rennetic and proteolytic power. What is it that 
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initiates and carries on this conversion of the zymogen? The observa- 
tions to be described seem to show that the enzyme itself is the 
exciting agent, and that once a small quantity of “active” enzyme 
is formed, it quickly brings about the conversion of some of the 
zymogen, the enzyme thus set free bringing about the conversion of 
more zymogen, and so on, till all or nearly all of the zymogen is 
converted into enzyme. 

We saw that the 75 °/, glycerin extracts of sheep and pig’s pancreas 
developed their ferment activity comparatively slowly. Portions of 
the extracts were filtered off from their gland substance and kept 
separate, and were then found to increase in tryptic power more slowly 
than ever. If, however, water were added, the paralysing influence of 
the glycerin was removed, and the ferment was liberated with a rapidity 
which increased with the dilution. Thus from the values given in 


lday 2days 4days S8days 13 days 


75°), glycerin ext. pig (undiluted) 1°8 19 
+4 vol. water 23 2°7 78 

2 vols. ,, 39 63 590 71° _ 


the accompanying table, we see that on the addition of half a volume 
of water the extract increased its tryptic value to 7°8 in 8 days. On 
addition of 1 volume of water, nearly the same value was reached in 
4 days, and on the addition of 2 volumes of water, in a little over 
2 days. Once the extracts had reached a tryptic value of about 7, 
the ferment began to be liberated very rapidly, and the T of the 
extract containing half a volume of water rose to 87°1 in the next five. 
days; of that containing 1 volume of water, to 75°8 in 4 days, and 
of that containing 2 volumes, to 59-0 in 2 days. 

In the next table are given the values obtained with the slvomrio 
extract of sheep’s pancreas. This had spontaneously developed a T 
of 3°2, so on dilution the rise of tryptic power was more rapid. 


Tryptic values after Rennetic values after 
lday 2 days 4 days lday 2 days 
Glycerin ext. sheep 4°9 5°4 — 443 
+4 vol. water 96 186 305 95 5 
+lvol. ,, 33°9 185 267 


The extract diluted with 1 volume of water attained as great a T in 
two days as the extract diluted with half a volume attained in four. 
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The rennetic values were ‘thie heleealinad: and, as can be seen in the 
table, were found to increase more or less pari passu with the tryptic 
values, 

That this conversion of zymogen into enzyme is brought about by 
the action of the enzyme itself is proved by the fact that if small 
quantities of an active extract be added, the rate of conversion of the 
zymogen is enormously increased. In the accompanying table are 
shown the results obtained by the addition of respectively 1, 3, and 
10°/, of an active glycerin extract of pig’s pancreas (which had a T 
of 141), to another 75°/, glycerin extract of pig’s pancreas diluted with 
2 volumes of water. The T of this extract at the beginning was only 


poe ib Tryptic value induced in inactive extract after 
added Shhrs. OOhrs, 2 days 
3 187 — 24 842 515 S891 956 
10 16°7 26°4 — 46°3 97°5 111°1 102°6 


‘85, and, owing to the very small quantity of ferment it contained, it 
increased only to 1°14 in four days, when similarly diluted. Practically 
the whole of the rapid liberation of enzyme shown by the values in the 
table was brought about, therefore, by the added extract. The actual 
tryptic value of the added extract has been subtracted from these values, 


but it is necessary to make another very considerable correction before 


the true rate of enzyme production can be estimated. Thus it was 
found that the active glycerin extract was able to act upon the glycerin 
extract of zymogen even after this had been mixed with fibrin and 
‘4°/, Na,CO, (for the purpose of determining its tryptic value), and 
liberate from it a considerable amount of enzyme. The amount of 
enzyme so liberated is indicated in the second column of the table, 
under the heading “0 hour.” We see that when 1°/, of active extract 
was added to 1 cc. of glycerin extract of zymogen mixed with fibrin and 
Na,CO,, it liberated sufficient enzyme to give a T of 84 (the T of the 
extract added, viz., 1°41, being of course subtracted from the T actually 
found). Similarly the addition of 3°/, of active extract gave a (corrected) 
T of 18°7. and of 10°/,, one of 16°7. To estimate approximately the 
actual amount of ferment liberated apart from what occurs during 
digestidn, one must therefore subtract these amounts from the corre- 
sponding values given in the table. We then find that the addition 
of 10°/, of active extract in 1 hour at room temperature liberated 
ferment giving a.T of 264—167=9°7. If one subtracts the same 
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amount, viz., 16°7, from the tryptic values obtained after the active 
extract had acted for 54 or more hours, however, one falls.into greater 
and greater error. Thus it is obvious that when the active extract has 
already liberated half or more of the enzyme from its zymogen, it will’ ~ 
have a correspondingly smaller amount of zymogen left to act upon 
during the fibrin digestion, and so the true correction one ought to 
apply is much less than at first. 
, An accurate estimation of the rate of liberation of the ferment is 

thus almost hopeless, but the values given in the table may be taken 
to show that the addition of 1°/, of active extract takes about 6 hours 
to liberate ferment giving a T of 13; the addition of 3°/,, about 2 hours 
to liberate the same amount of ferment; and of 10°/,, about 14 hours. 
Or again, as regards the nearly complete conversion of the zymogen 
into the enzyme, we see that 1°/, of active extract effected about as 
much change in 2 days as 3°/, did in 1 day, and as 10°/, did in about 
8 hours. | 

If the extract be kept at 38° instead of at room temperature (about 

17°), the conversion of zymogen into enzyme is very much more rapid, 
but the enzyme liberated is so rapidly destroyed that the results 
obtained are not very striking. The accompanying table shows the 
values obtained with some of this same glycerin extract (diluted with 
two volumes of water). These observations were made only a day 
earlier than the ones at 17°, so the same corrections will apply. 


Active Tryptic value induced in inactive extract after 
extract A 


added min. 10 mina, 1 hr. 2 hrs. 
1%, 8-4 9°4 12°8 20°7 
3 13°7 22°8 29°7 — 


Here we see that even in 10 minutes quite a considerable amount 
of enzyme was liberated, for with 3°/, of active extract the T was 
raised from 13°7 to 22°8. During the next 50 minutes, however, the 
increase was relatively very much less, it being only from 22°8 to 29°7. 
This must have been chiefly due to the destructive action of the 
high temperature on the liberated ferment, whereby, after a time, 
the ferment gets destroyed almost as fast as it is liberated. In 
any case the rate of liberation of the enzyme never under any circum- 
stances approached that observed by Langley and Edkins’ in the 
case of pepsinogen. Thus it was found by them that at 20°C. nearly 
all the pepsinogen in an aqueous extract of cat's gastric mucous 

1 This Journal, vi. p. 403. 1886. 
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membrane was converted into pepsin in 60 seconds by ‘1°/, of hydro- 
chloric acid. | 

Another series of observations at 38° had been made upon this same 
(diluted) glycerin extract five days before, with the following results. _ 


Active Tryptic value induced in inactive extract after 

added 1 hr. 2 hrs. 8 hrs. Shrs. 9 hrs. 
nil 
1% 


1-1 25 32 2-7 
16-4 


21°5 27°0 32°0 


10 25°2 31°5 36°8 34°4 


Here we see that exposure of the diluted extract to 38° for even nine 
hours was able to effect very little liberation of enzyme, unless some 
active extract was added. In fact, the T obtained after nine hours’ 
exposure was less than that obtained after five hours, so the ferment 
was then being destroyed faster than it was being formed. When 1°/, 
of active extract was added, we see that after respectively one and two 
hours’ treatment tryptic values of only 10°7 and 130 were obtained, 
instead of the values of 12°8 and 20°7 recorded under similar conditions 
in the above table. Also with 3°/, of active extract the T after one hour 
i was only 149, instead of 29°7. That is to say, the enzyme was being 
et liberated very much more slowly, so that the addition of 3°/, of active 
i extract did not effect much more than did the addition of 1°/, five 
| days later. It is true that the extract itself had initially a T of only 
Wi ‘65, instead of 85, but this slight difference in the amount of ferment 
i present is almost negligible, when we consider that 1°/, of active 
extract means a T of 1°41, and 3°/,,a T of 423. It seems, therefore, 
as if the zymogen itself were much less susceptible than it became five 
days later, or that during this time it underwent some kind of de- 
composition changes which, though not actually leading to its conversion 
a into enzyme, yet brought it nearer towards the enzymic condition. 
| it | Some of the same extract was examined on still two other occasions, 
| ie with results confirmatory of the view of increased susceptibility to 


ferment action. For convenience, all the comparative results obtained 
mi are collected in the accompanying table. Here we see that twelve 
it days after the first time of examination, the addition of 1°/, of active 
i extract induced in one hour a T of 19°2, or about as much as was 
ih induced in two hours in the five days’ extract. Similarly it was found 
it that in the 25 days’ extract, 1°/, of active extract induced in 10 minutes 
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a T 61°/, greater than that induced in a similar time in the five days’ 
extract. However, the extract had spontaneously undergone a distinct 


Extract (undiluted) ... “67 "85 2°2 3°6 
+2 vols. water Lhour at 38° — 3°3 4°7 
+1°, active ext. 10 mins. 9-4 — 
2 hours 13°0 20°7 
+3 ,, 1 hour 149 29°7 2320. 


rise in tryptic value from the fifth day onwards, but I do not think 
this was sufficient to account for the increased susceptibility observed. 
Thus it will be noticed that when kept at 38° for an hour by itself, the 
diluted extract. increased very little in tryptic power. In fact, as we 
shall see later, the comparatively stable enzyme which must then have 
been present had very much less “liberating” power than the smaller 
quantity of highly unstable enzyme which was artificially added. As 
already mentioned, 1°/, of this active extract would of itself mean a 
T of 1:41, whereas between the 5th and 25th days the extract had 
spontaneously developed a T of 3:59 —°85 = 2°64. 

On the whole, therefore, I think that we may regard this view of 
the gradually increasing susceptibility of the zymogens as a highly 
probable one; though by reason of the numerous sources of error which 
encompass one on every side, it cannot be accepted as conclusively 
proven. A somewhat similar hypothesis concerning zymogens was 
suggested nearly twenty years ago by Langley’. To quote his words: 
“Briicke pointed out that prolonged extraction with water does not 
take out all the pepsin from the gland cells; the remaining tissue when 
treated with dilute hydrochloric acid still gives a pepsin-containing 
extract.... We could scarcely imagine that this could be the case if the 
zymogen existed in the cells in one state only....The protoplasm of the 
cells does not at one swoop form zymogen as it dccurs immediately 
previous to its conversion into pepsin, but forms certain intermediate 
bodies in which the zymogen radicles became more and more isolated. 
Since the zymogen contains the radicle of the ferment, the ferment will 
be obtained with greater difficulty from the imperfectly elaborated than 
from the perfectly elaborated zymogen, 1.¢.,. as we ascend from the final 
mesostate to protoplasm, the ferment will be split off less and less 
readily,” etc. 

1 This Journal, 11. p. 290. 1882. 
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'. I have ‘obtained some evidence which seems to show that these 
zymogens differ in solubility, the imperfectly elaborated ones being 
insoluble, and the fully elaborated ones perfectly soluble. Thus some 
of the alcoholic and normal saline extracts of pig’s pancreas already — 
referred to were filtered off from their gland substance after 16 hours’ 
extraction, and kept separate. Next day, both the separately kept 
extracts and extracts freshly filtered from the gland substance had 
increased their tryptic value by equal. amounts, this T being now 


- doubled in the case of the alcoholic extract, and more than trebled in 


_ 1 day 2days 4 days 

Alcoholic ext. pig (T=30°1) _ Fresh filtrate . 59°33 
Separately kept ‘filtrate 615 

NaCl ext. pig (T=5°6) ... Fresh filtrate... ... 185 216 223 
Separately kept filtrate 179 15:1 


the case of the saline extract. The day after that, however, the 
separately kept extracts had considerably deteriorated in tryptic power, 
whereas the extracts kept with their gland substance had increased. 
Presumably in their case the enzyme was undergoing destruction as 
rapidly, or nearly so, as in the separately kept extracts, but this 
destruction was more than counterbalanced by the liberation of fresh 
quantities of enzyme from zymogens which, after 16 hours’ extraction, 
and even after 40 hours’ extraction, had been insoluble. 

What is true for the tryptic ferment is true also for the rennetic. 
After five days’ extraction some of the filtrate from a saturated salt 
extract of sheep’s pancreas was kept apart from the gland substance 
and was examined from time to time. At first this extract had no 
ferment power at all, but five days later it had begun to develop. It 
was now slightly greater in the separately kept extract than in the 
freshly filtered, but two days later this latter extract took the lead, and 
gradually drew further and further away. In fact, the separately kept 


Time Fresh filtrate kept filtrate 
Originally (5 nil nil 
5 days later . os 22 30. 
6 40 43 
7 53 50 
11 ee 69 58 
14 87 64 
37 174 61 


extract remained practically constant after 11 days, whilst after 37 days 
the freshly filtered extract had attained to treble its rennetic power. 
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The following values, obtained with a normal saline extract of ox 
pancreas, afford no evidence of the existence of insoluble zymogens, 
for the separately kept extract (filtered off after seven days’ extraction) 
attained a slightly higher rennetic value than that kept with its gland 
substance. It is interesting to note that this latter extract developed 
its ferment power more quickly —_ the former, and also — a 
more rapid 


Time Fresh filtrate kept filtrate 
Originally (7 days’ ext.) 40 40 
12 days later... 203 
29 203 222 
77 84 107 


The action of enzymes from different sources on zymogens. 


Thus far we have discussed only the action of active glycerin extract 
of pig’s pancreas upon inactive glycerin extract. The observations to — 
be described show that there is nothing specific about enzymes, but 
that active extracts of pancreas, whatever the animal from which the 
gland has been derived, have a similar power of inducing the con- 
version of the zymogens in any inactive extract, whatever its nature. 
In the accompanying table are shown the tryptic values induced in 
75°/, glycerin extract of pig’s pancreas (diluted with half its volume of 
water), by the addition of 1°/, of various other extracts. The tryptic 
values of these extracts are given, and we see that the power possessed 


‘Tryptic value induced after 
l‘day 2days 4days 8 days 
+1°%, NaCl ext. pig (T= 22:0) 
»» alcohol ext, sheep (T= 24:5) 43 6°8 82°8 
»»  aleohol ext, pig (T=59°3) 184 311 651 80°8 
»  Slycerin ext. dog (T=71°8) 13°99 — —. 
»»  @lycerin ext. man (T=93°2)  40°4 — 1192 


by them of setting free enzyme in the glycerin extract varies roughly 
according to their tryptic power. However, the saline extract of pig’s 
pancreas, though possessing a tryptic value of 22:0, had little or no 
enzyme liberating power, for the tryptic value of the extract with 
which it was mixed did not increase any more rapidly than that of the 
extract to which nothing had been added. Even the alcoholic extract 
of sheep's pancreas did not, during the first two days, liberate ferment 
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at nearly so proportionately rapid a rate as the other more active 
extracts. Thus the alcoholic extract of pig, and the glycerin extract 
of dog, with only two or three times as great a tryptic value, liberated 
during the first day about seven times as much ferment. Finally the 
glycerin extract of human pancreas, with about half as large again a T 
as these latter extracts, liberated two or three times as much ferment 
as they did. It therefore follows that, proportionately to their 
activity, active extracts set free the enzyme from the zymogen 
much more rapidly than the comparatively inactive extracts. 
Another series of observations was made with glycerin extract of 
sheep's pancreas, the rennet ferment being estimated as well as the 
tryptic. As this extract was spontaneously undergoing a fairly rapid 
development of ferment power (cf. the values given in the table 
on p. 289), it was thought best to subtract these respective values from 
the corresponding, tryptic and rennetic values obtained after one and 
two days with extract to which 1°/, of the various active extracts had 
‘been added. These reduced values are given in the accompanying 
table. Here we see that the saline extract of pig’s pancreas had no 
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more action on this glycerin extract than it had on the other. This is 
true for the rennetic ferment as well as for the tryptic, in spite of the 
fact that the rennetic value of the extract was a high one. Again, the 
alcoholic extract of sheep’s pancreas had a slight amount of action upon 
the tryptic zymogen, and a somewhat greater one upon the rennetic. 
The alcoholic extract of pig’s pancreas had a fair amount of action upon 
the tryptic zymogen, and a very marked one upon the rennetic. This 
latter fact is the more remarkable, as the rennetic power of the added 
extract was less than that of the saline extract of pig—though this 
produced no effect at all—and considerably less than that of the 
- alcoholic extract of sheep, though this produced only a small effect. In 
_ facet these observations, and others recorded below, seem to show that 
the rennet ferment is liberated from its zymogen, not by the 
rennet ferment, but by the tryptic. Thus the alcoholic extract of 
pig, with a high tryptic power, had a marked liberating action on the 


a T of T induced after R of R induced after 
75%» glycerin ext. sheep added added 
a) +4 vol. water extract 1 day 2 days extract lday 2 days 
+19, NaCl ext. pig .. 220 14 (-99) 293 (-20) 37 
» alcohol ext. sheep 24° 365 51 114 
 aleohol ext. pig 88 97 287 171 159 
» Glycerin ext.man 932 165 — 877 
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rennet zymogen, whilst the saline extract of pig, with a low tryptic 
power, had little or none. 

Of the other two extracts recorded in the table, we see that the very 
active extract of human pancreas produced the maximum amount of 
action on both the tryptic and rennetic zymogens. The glycerin extract 
of dog, on the other hand, scarcely liberated as much tryptic — as 
one would have expected. 

The observations thus far Jeune) were carried out at room 
temperature (about 15°C.). Another more complete series was made 
at 38°, the 75°/, glycerin extract of pig’s pancreas used being diluted 
with two volumes of water, and kept at 38° for an hour with 10 °/,—not 
_1°,—of the active extract to be tested. The tryptic value of the added 
extract was deducted from the actual tryptic value found, it being 
assumed (on the strength of a few control observations) that 75°/, of the 
‘ferment thus treated for an hour with glycerin extract and water 
remained undecomposed. The corrected tryptic and rennetic values 
induced in the glycerin extracts are given in the accompanying table, 
together with the actual tryptic and rennetic values of the extracts 
added. In still another column are given the percentage rates of 
destruction of the active extracts by ‘4°/, Na,CO;. To avoid error as 
much as possible the values given are the averages of the several 
— determinations made at about the time. 


T of hon rate T induced R of  R induced 
added in glyc. 
extract extract e extract 
Glycerin ext. pig+2 vols. H,O ‘ide 1-06 
+10°/, NaCl ext. sheep... 1°52 36 25°4 
» acid glycerin ext. pig ... 6°7 339 1°67 74 25°4 
» NaCl ext. pig 1°69 108 27°3 
»» alcohol ext. sheep .. 8-2 122 2°55 59 26°4 
 glyc. ext. sheep (kept 63hrs. 110 426 3°47 878 29°8 
pig (kept 25hrs.) 284 180 3-95 810 805 
» alcohol ext. pig... 190 100 8°83 168 760. 
493 467 18% 239 121 
» glycerin ext. woman 245 70 £188 100 131 
604 800 21°7 292 135 
mT) ” ” pig soe .. 141 68°9 25°2 472 214 
ps 05 — 21°9 236 212 


Considering the tryptic values first, we see that, as before, there is a 
fairly close relationship between the T of the extract added, and the T 
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induced in the inactive extract. Even the feeblest extracts, with a T of 
about 6, were able to set free some enzyme, and the saline extract of 
pig’s pancreas also set free a little, though not in an amount corre- 
sponding to its actual tryptic value. One must, however, bear in mind 


that extracts of the same tryptic value do not necessarily contain ferment — 


of the same degree of stability (as tested by the action of Na,CQ,); for 


we saw that as a rule extracts of sheep’s pancreas were more unstable 


than those of pig’s pancreas with treble the tryptic value. That the 
capacity of extracts to set free enzyme from zymogen is connected with 
their stability, as well as with their absolute tryptic value, is to some 
extent indicated by the contents of this table. Thus we see thatthe 
stable glycerin extract of kept pig’s pancreas had but little more enzyme 
liberating power than the less stable glycerin extract of kept sheep's 
pancreas, though it had two or three times the tryptic power. Also we 
see that the addition of 1°/, of the very unstable glycerin extract of 
pig’s pancreas (which had a T of 141, and of which 1°/, would therefore 
be equivalent to 10°/, of an extract with a T of 141) liberated much 
more enzyme than 10°/, of the stable alcoholic extract of pig, and the 
glycerin extract of kept pig, though these extracts had tryptic values of 
respectively 19:0 and 28°4. 

It may be asked how the enzyme liberating action of extracts can be 
connected with their stability as regards sodium carbonate. On a 
physical hypothesis of the action of enzymes an explanation is much 
easier than on a chemical. Thus if we suppose that an enzyme acts 
upon a zymogen by transmitting to it certain physical vibrations which 
it itself possesses, and if we imagine that the more pronounced these 
vibrations, the more sensitive is the enzyme to the action of sodium 
carbonate, then it would naturally follow that an extract containing 
a certain amount of highly unstable enzyme would have a greater 
enzyme liberating capacity than an extract containing an equal quantity | 


‘(as far as its proteolytic action is concerned) of more stable enzyme. 


The enzyme liberating capacity would also, of course, depend on the 
actual number of enzyme molecules present, and so it is no more than 
one would expect for an unstable extract of pig’s pancreas, with a T of 
141, to have a greater liberating capacity than an even more unstable 
extract of sheep’s pancreas, with a T of only 60. 7 
To return to the consideration of the above table, the numbers in 
the extreme right-hand column indicate the (corrected) rennetic values 
induced in the glycerin extract after 14 hours at 38° (instead of an 
hour). If one glances down this column it will be seen that the values 
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follow one another in order of magnitude with only one or two 
minor exceptions. The column of R values of the added extract is 
exceedingly irregular, however, and shows but slight correspondence to 
the induced values column. The most glaring exceptions are noticed 
in the case of the glycerin extracts of kept sheep and pig’s pancreas, for 
these extracts had rennetic values of respectively 378 and 310, but had 
not much more liberating power than other extracts with an R of less 
than 100. On the other hand, glycerin extract of woman’s pancreas, 
with an R of only 100, had a greater liberating power than the 
alcoholic extract of pig’s pancreas, with an R twice as great. Now the 
column of induced T values was purposely arranged according to the 
magnitude of these values, and hence we are driven to the conclusion, 
already arrived at, that the rennet ferment is liberated from its zymogen 
by the same agent that liberates the tryptic ferment from its zymogen, 
and this we know to be the tryptic ferment itself. Thus as regards the 
specific instances mentioned, the glycerin extracts of kept pancreas had 
only a moderate tryptic power, and the ferment they contained was 
comparatively stable, whereas the glycerin extract of woman’s pancreas 
contained highly unstable trypsin. However, the glycerin extract of 
sheep’s pancreas forms a slight exception, for though powerful as 
compared with the other extracts, it had not so proportionately great 
a capacity for liberating rennet ferment as the glycerin extracts of 
woman and pig’s pancreas. Still, taking the observations as a whole, 
there can be no doubt that the liberating power of the trypsin mole- 
cules on the rennet zymogen depends both on. their degree of instability, — 
and on their absolute number, just as in the case of the tryptic 
zymogen. 
_. Still other evidence in support of this relationship between the rennet 
zymogen and the tryptic enzyme is afforded by the results obtained 
with kept extracts. In those of the sheep’s pancreas, we saw that the 
normal saline extract reached its maximum T after two days, but its 
maximum R only after eight days, whilst the glycerin extract reached 
its maximum T after 63 days, and its R only after 86 days. Again, in 
the case of the pig’s pancreas extracts, the alcoholic extract reached 
its maximum T after nine days, and its R after 71 days; the normal 
saline extract its maximum T after five days, and its R after 16 days; 
the glycerin extract its T after 71 days, and its R after 105 days. There 
is an obvious delay on the part of the rennet enzyme therefore, and 
_ this we must suppose to be due to its liberation being dependent on the 
previous liberation of the tryptic enzyme. 
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Other observations on the liberating effects of active extracts on the 
zymogen of inactive extracts were made in the case of ox pancreas 
extracts, but in their case only the rennetic values were determined. 
The addition of both 1 and 10°/, of normal saline and of alcoholic 
extracts (which had rennetic values of respectively 198 and 180) was 
found to induce an R of over 200 in aqueous extract of ox pancreas, in 
20 hours. This aqueous extract itself had an R of 243, and spon- 
taneously increased this value to 36:0 in the 20 hours. Again, the 
addition of 10°/, of the same normal saline and alcoholic extracts to 
a saturated saline extract of ox pancreas induced rennetic values of 
respectively 176 and 136 in 20 hours. This saturated salt extract 
itself had an R of 18-2, and spontaneously increased this value to 23-0 


- in the 20 hours. 


The effect of keeping the gland tissue before extraction. 


It was shown by Heidenhain in his original memoir that if 
pancreatic gland tissue were exposed to the air some hours before 
extraction, it invariably contained free enzyme, whilst tissue extracted 
immediately after death contained little or none. Subsequent observers 
have confirmed this result, but have extended our knowledge very little 
further than the point at which Heidenhain left it. 

In the case of almost every gland of which I have made extracts I 
have kept a portion of the minced tissue for 20 or more hours exposed 
to the air in a moist chamber before adding the extracting liquid. All 
such extracts, with perhaps one exception, showed a greater or less 
amount of ferment activity from the first. As regards the rennet 
ferment, it was found that a saturated salt extract of pig’s pancreas, 
kept 19 hours before adding the extracting liquid, had an R of 10°0 
after seven days’ extraction. After the same period the saturated salt 
extract of fresh pancreas had an R of only ‘9. Four days later, however, 
this latter extract had attained to three or four times the rennetic 
value of the former extract, and it finally after 180 days reached a 
maximum of 320, or more than treble the maximum value of the 
extract of kept gland. The curve of this extract of kept gland is given 
in Fig. 2. In the case of the dog’s pancreas, normal saline extracts were 
made of portions of the gland substance after it had been kept respectively 


28 and 70 hours. The extract of 28 hours’ kept gland, when examined 


the next day, had an R of only 177, or less than the saline extract of 
fresh gland substance, which had an R of 3:2. Of course in this case 
the extraction has been going on for two days, instead of one, but still 
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the enzyme must have been developing more rapidly than in the kept 
gland. Ten days later, the extract of kept gland had attained an R of 
450, or a higher value than any of the other extracts of this pancreas 
ever reached, so in this case the exposure to the air had a permanently 
favourable influence on the liberation of the enzyme. However, as can 
be seen in Fig. 4, the extract of gland kept 70 hours before extraction 
did not reach so high a value as any of the other extracts, so in this 
case, as in that of the pig, exposure of the gland destroyed some of the 
ferment. It should be borne in mind that these observations on dog’s 
pancreas were made in October, whilst those on pig's pancreas, and the 
ones to be immediately described on ox pancreas, were made in August, 
when 20 hours’ exposure would probably be equivalent to 40 or more in 
the colder month. The ox gland substance was exposed for 60 hours, 
and the normal saline extract of it, when examined two days later, had 
an R of 12:0. The similar extract of fresh gland substance had an R of 
1:2, so the exposure had a distinct liberating effect on the zymogen. 
It had also a distinct destructive effect, for, as can be seen in Fig. 1, the 
maximuin value attained by the extract of kept gland was only little 
more than a third of that of the similar extract of fresh gland. 

In the case of the human pancreases examined, the condition of 
affairs was somewhat different, in that the glands remained for some 
hours untouched in the body. The first pancreas was obtained from 
a man, aged 21, who died four days after an accident. It was therefore 
nearly normal. The extracts were made seven hours after the gland 
had been removed from the body, and this was not done till 29 hours 
after death. A portion of the minced gland was exposed to the air 
for 13 hours before extraction, so this extract was one of gland 
substance kept 49 hours after death. The results obtained with these 
extracts are given in the accompanying figure. Here one can see 
that all the extracts except the glycerin ones, had reached their 
maximum rennetic values when they were first examined, viz., after 
two days’ extraction. From this time onwards these values rapidly 
dwindled away, the aqueous extract deteriorating most rapidly, as 
usual. These results might of themselves be taken to indicate that 
the treatment this gland had undergone before extraction was sufficient 
to liberate all the enzyme it contained. The observations on the 
glycerin extracts, however, show that but little of the conversion of 
zymogen into enzyme can have occurred until after the extracting 
liquids had been added. Thus the concentrated glycerin extract had 
no rennetic power after six days’ extraction, and only a very slight one 
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after 13 days. Now it was found by Kiihne’ that trypsin is in- 
soluble in concentrated glycerin, so it was possible that in the present 
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case the ferment actually existed in the gland tissue, but could not be 
extracted ‘by the glycerin until this had, in virtue of its hygroscopic 
powers, attracted some moisture from the air, and so become slightly 
more diluted. As the filtering of glycerin extracts was always a slow 
process, and as any excess of filtrate not needed for experiment was 
returned to its stock bottle, there was doubtless a very slight dilution 
of the glycerin in this way. However, the glycerin extract undoubtedly 
contained a considerable quantity of zymogen, for after two days’ 
extraction a portion of it, together with its gland substance, was 
diluted with an equal volume of water. Two hours after the dilution 
some of the extract was filtered off, and was now found to have an R 
of 22°6 (this value being multiplied by 2 to render it comparable to 
the other extracts). A few days later, some of this filtered extract, 
which had been kept separate, was found to have attained an R 
of 52, and this increase can only have been due to the conversion of 
zymogen. 

The other human pancreas examined was that of a woman, aged 
39, who had died of diabetes. The pancreas, obtained eight hours 
after death, was very tough and stringy. After 16 hours’ extraction, 
the normal saline extract was found to have an R of 21°9, the alcoholic 
extract one of 35, and the 75°/, glycerin extract one of 3:1. It is 


1 Verhandl. d. naturh, med. Ver, zu Heidelberg, Vol. 1. p. 196. 1876. 


| 
| 
teed 
| 
60 70 80 
if 
| 
| 
4 } 


PANCREATIC ZYMOGENS. 303 


probable, therefore, that the gland contained appreciable quantities of 

free ferment before the extracting liquids were added. The normal 
saline extract attained its maximum value of 61°0 after 12 days, and 
then gradually deteriorated ; the alcoholic extract its maximum of 57°8, 
also after 12 days; and the glycerin extract its maximum of 100 after 
nine months. : | 

As regards the tryptic ferment, the values given in the table on 
p. 278 show that the 75°/, glycerin extract of sheep’s pancreas (kept 
63 hours before extraction) had attained a tryptic value of 9°0, after 
one day’s extraction. As the maximum value this extract subsequently 
attained was only 18°2, the exposure of the gland substance must have 
set free a fair amount of ferment, though of course it is impossible to 
say how much was liberated before the addition of the extracting liquid, 
and how much after. It also destroyed a large amount, for the glycerin 
extract of fresh gland substance attained just four times as great a 
tryptic value. On the other hand, the rennetic value of this extract 
of kept gland, after five days’ extraction (or eight days after removal 
of the glands from the body), had reached the high figure of 367, an 
amount little inferior to the maximum of 420 it subsequently attained. 
As in the case of the dog’s pancreas, exposure of the gland 
substance to air before extraction yielded an extract with a higher — 
rennetic value than was attained by any of the other extracts, the 
maximum for the alcoholic extract being 399, and for the glycerin, 346. 
‘This fact, taken in conjunction with the destruction suffered by the 
tryptic ferment, caused the ratio of R to T to average, over the whole 
period of observations, the extremely high figure of 33°0. These 
observations were started at the beginning of April, when the tempera- 
ture was fairly low, but after its 63 hours’ exposure the gland substance, 
as testified by its smell, had undergone a considerable amount of 
decomposition. 

The pig’s pancreas, on which tryptic estimations were made, was 
kept 25 hours before extraction with 75°/, glycerin. A day later the 
extract had attained a T of 6:1, and an R of 109, but subsequent to 
this the ferments only slowly increased in activity. As can be seen 
in the table given on p. 280, the tryptic value did not reach its maximum 
of 35°0 for 185 days, and the rennetic, its maximum of 359 for 105 days. 
The maximum T attained by the glycerin extract of fresh gland was 
208, and the maximum R, 512, hence the exposure of the gland might 
be taken to have destroyed about a third of the rennetic ferment, and 
about five-sixths of the tryptic. However, the observations on the 
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destruction rate of this extract by sodium carbonate show that such 
a deduction is not admissible. For it was found that even after 59 days’ 
extraction, the extract kept for an hour at 38° with Na,CO, increased 
in tryptic power by 87°6°/,, so it must have contained considerable 
quantities of unconverted zymogen. Probably it contained a certain 
amount of zymogen even after 135 days’ extraction, for the destruction 
rate was then only about 10°/,, or considerably less than one would 
expect from the destruction rates exhibited by the alcoholic and saline 
extracts. The presence of unconverted zymogen was probably re- 
sponsible for the very variable tryptic values exhibited by this extract 
of kept gland substance. Thus this value fell from 26:4 after 71 days’ 
extraction to 16°5 after 105 days, and then rose again to 35°0 after 
135 days. Presumably some very slight differences in the conditions 


of filtration of the extract, or of the subsequent digestion, brought 


about the conversion of variable quantities of zymogen into enzyme, 
and so gave variable results. The glycerin extract of kept sheep's 
pancreas gave equally variable values, the T falling from 18:2 after 
86 days’ extraction to 8°57 after 136 days, and then rising again to 13°5 
after 149 days. However, the destruction rate of this latter extract 
kept fairly constant, and as it was also fairly high, there could not 
have been very much unconverted zymogen present. Why any zymogen 
at all should remain unconverted, as was the case not only in these 
glycerin extracts of kept gland substance, but also in the saline extracts 
of sheep and pig’s pancreas, and alcoholic extract of pig’s, seems very 
curious. Possibly the change of zymogen into enzyme is to a very 
slight degree a reversible one. 

A few observations were made on other pigs’ pancreas, the gland — 
substance being extracted with 75°/, glycerin after 20 hours’ exposure 
to air. The values obtained are given in the table on p. 283. Here we 
see that after one day’s extraction, the extract had a T of only 3°0, and 
an R of only 37°8, These values gradually increased, but even after 
41 days’ extraction had attained only about treble these amounts. The 
extract doubtless contained large quantities of unconverted zymogen, 
for after 21 days’ extraction, the T of the extract increased by 51°6°/, 
after keeping with Na,CO, at 38°, and after 41 days’ extraction, it 
increased by 14°5°/,. 

The evidence as to the effects of keeping the gland substance before 
extraction is thus somewhat variable and conflicting. Probably as a 
rule, if not invariably, the exposure to the air brings about the liberation 
of only a small quantity of enzyme, and the enzyme so liberated induces 
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further conversion of the zymogen into enzyme after the addition of 
the extracting liquid. Doubtless the liberated enzyme could act to 
some extent on the zymogen with which it was in contact before the 
uddition of the liquid, and so set free more and more ferment, but 
I think it is very probable that most of the ferment so set free is quickly 
destroyed. Thus we saw that, with two exceptions, the extracts of kept 
gland substance were much feebler in rennetic power than the corre- 
sponding extracts of fresh gland substance, and very much feebler in 


tryptic power. 


The influence of acids on enzyme formation. 


It was pointed out by Heidenhain that the tryptic enzyme could be 
set free by the addition of weak acids to the gland tissue. The method © 
suggested by him (loc. cit. p. 586) was to keep the minced gland for 
10 minutes with an equal weight of 1°/, acetic acid, and then add 
10 volumes of glycerin to the mixture. Though I tried this method 
twice, both times with pig’s pancreas, I met with no success. On one 
occasion the extract had no tryptic or rennetic power whatever, even 
after 21 days’ extraction, and on the other occasion it had a rennetic 
value of 84 after one day’s extraction, but showed no subsequent 
increase of ferment power. What may be true for the pancreas of the 
dog, which Heidenhain employed, may not hold, therefore, for the 
pancreas of other animals. Other observations, to be described later, 
lead me to think that the concentrated glycerin may of itself be sufficient 
to check the development of ferment activity. 

Another method of acidification proved more successful. In this 
the gland tissue (pig’s pancreas) was kept for 20 hours with an equal 
volume of ‘2°/, acetic acid, and was then mixed with three volumes of 
glycerin. A 20°/, extract in 75°/, glycerin (+ °04°/, acetic acid) was thus 
onyained, This yielded the following values: 

Qdays 4days i2days ‘days 41 days 


4°4 4°6 88 18°2 18°0 
R 44 67 80 83 120 

R+T 10°0 14°6 91 63. 66 
°/, dest, +62°0 40°3 27°35 


Here we see that after one day’s extraction (or two days after the 
gland was removed from the body), the extract had a T of 4°4, and an 
R of 44. After 41 days’ extraction these values had increased to 
respectively 18°0 and 120, but even then they were not half as great 
as-the values obtained with the alcoholic extract of the same gland 
substance (cf. table on p. 283). 
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The addition of small quantities of acetic acid to diluted glycerin 
extract was found to hasten enzyme formation, provided that some of 
the gland substance were also present. The accompanying figures show 
that the addition of ‘25°/, acetic acid caused an appreciable increase in 
the rate of trypsin formation in four days, and a much more marked 
increase in nine days. The addition of -05°/, acetic acid seemed to 


2days 4days Qdays 12 days 


Concentrated glycerin ext. pig+gland subs.+1vol.water — 15 9°5 
” ” ” + "25 °/, ” pes 9 16 59 25:1 


produce no effect at first, but after 12 days it was apparently more 
successful than the stronger acid. 

Probably the acid acts only indirectly by liberating something from 
the gland tissue which is able to excite enzyme formation, for if acid be 
added to the filtered extracts, it never, in my experience, hastens the 
conversion of zymogen into enzyme. For instance, a 75°/, glycerin 
extract of pig’s pancreas, diluted with twice its volume of water, was 
found to have developed a T of ‘6 when kept at 38° for an hour. 
When ‘01 °/, of HCl was added, it developed a T of only ‘4, and when 
‘04°/, HCI, it developed no tryptic power at all. On keeping some of 
this same diluted extract at 38° for an hour with 1 °/, of active glycerin 
extract of pig’s pancreas (which had a T of 141), and various per- 
centages of acid, the following values were obtained : 

lhr. at 38° 

15, glycerin ext.+2 vols. water+1°/, active extract T=136 

” ” ” ” 99 +003 ,, 12°8 


” ” ” ” ” +01 12°3 
” ” ” ” ” + 04 


That is to say, the addition of 001 to ‘01 */, HCl had little or no 


effect, whilst the addition of 04°/, lowered the tryptic value induced 
to a quarter of its normal amount. Another series of observations made 
with another 75°/, glycerin extract of pig’s pancreas, but with the 
addition of 5°/, active extract, gave the following results: | 


1 hr. at 38° 3 hrs. at 38° 

75°/, glycerin ext.+2 vols. water+5°/, active extract 23°4 819 
” ” ” ” ” + hydrochloric acid 25°3 

” ” ” ” ” + °05 acetic acid 17°0 21°1 

” ” ” ” ” +2 ” ” 12°5 17°8 

” ” ” ” ” +05 sodium carbonate 24:3 29°2 
‘ 149 
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- Here we see that ‘01°/, HCl proved rather more harmful than 
before, it reducing the enzyme formation during the first hour by about 
a third. -05°/, acetic acid had about the same effect, whilst ‘2°/, acetic 
acid reduced the enzyme formation by nearly a half. The two 
experiments made with sodium carbonate show that ‘05°/, of the 
alkali had no effect at all, whilst -2°/, had about as much harmful 
effect as ‘2°/, acetic acid. The values obtained after keeping the 
extracts for three hours at 38° are in fair agreement with those 
obtained after one hour, but as they seem to show a (proportionately) 
somewhat greater depreciation, one may conclude that the acids and 
alkali acted more by destroying the enzyme after it was formed, than 
by merely retarding its formation. 

More elaborate series of observations were made on the influence of 
acids on the rennet zymogen, but, as already mentioned, this influence 
was always a retarding one. The accompanying table shows the 
results obtained by adding various percentages of hydrochloric, acetic 
and lactic acids to filtered normal saline extract of ox pancreas. The 
dilution attendant on the addition of acid was allowed for in calcu- 
lating the rennetic value. It has been shown in a former paper that 
slight variations in the acidity are of considerable influence on the 
metacasein reaction, so in each determination the amount of sodium 
carbonate necessary for exact neutralisation of the extract to be added 
was run into the diluted milk. When the rennetic value was 200 or 
so, this was not necessary, the amount of extract used being so very 
small. For the sake of comparison, there are given in the first line of 
the table the rennetic values of some of the extract which was kept with 
its gland substance, and filtered off fresh as required; and in the second 
line, the values of some of the filtered extract to which no acid had 
been added. 


Percentage of 2days 3days Sdays l0days ISdays 23days S4days 70 days 


Extract (fresh filtered) 60 78 — — 208 1% 208 27 S890 
 (keptfiltrate) 60 — — 69 — 222 j— 129 
» HCl — 226 190 117 %49 197 230 28:3 298 
“aos — 170 188 170 174 339 36:1 202 271 
— 1830 108 121 1438 264 275 210 # 182 
» ,, — 184 74 4173 801 S808 222 
» 40aceticacid 125 — 85 79 108 i111 108 184 1239 
1? — 91 124 168 297 23 — 
16 = 109 150 185 225 225 — 
412 lacticacid — 152 74 — 50 7% 81 142 129 
i779 898 7% HD BO Wt 
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From this table we see that the filtered extract containing no acid 
developed its rennetic power some time between the 10th and 23rd 
days of experiment, whilst the extract to which 014°/, HCI had been | 
added developed it some time between the 10th and 15th days. Pro- 
bably in this case, therefore, the time of rapid enzyme formation was — 
about the same, though from lack of sufficient observations one cannot 
speak for certain. However, the extract kept with its gland substance 
had developed its full activity by the 10th day, so there was an obvious 
retardation in the acidified extract as compared with this one. The 
other percentages of hydrochloric acid experimented with were less 
favourable, the extracts containing *0247 and 0065°/, developing their 
activity between the 23rd and 34th days, and that containing 035°/,, 
not until after the 34th day. In the case of the acetic acid obser- 
vations, we see that °193°/, of acid acted as quickly as the most 
favourable concentration of hydrochloric acid, whilst ‘083°/, of acid 
did not permit the enzyme formation to occur till a few days later. 
In the presence of ‘40°/, acetic acid, and also °412°/, lactic acid, there 
was no conversion of the zymogen even after 70 days. The other two 
concentrations of lactic acid tried were also distinctly unfavourable, — 
one of them not permitting of enzyme formation till between the 


23rd and 34th days, and the other, only between the 34th and 70th days. 


Taking the results as a whole, therefore, we see that in the pre- 
sence of various percentages of acid, the extract retained a nearly 
constant rennetic value for 10, 15, 23 or 34 days, and then suddenly 
developed its full enzyme power. It seems as if the addition of the 
acid always, or nearly always, checked the tendency to the conversion of 
the zymogen into enzyme, but that this check could succeed only for 
atime. Ultimately the zymogen accommodated itself to its abnormal 


conditions, and proceeded to undergo its conversion. 


A somewhat unexpected feature of these observations is the stability 
of both zymogen and enzyme in the presence of acid. Even 035°/, HCl, 
acting for more than 34 days, had absolutely no destructive effect upon 
the zymogen, as the enzymic power developed after that date was greater 
than was observed in any other case. Also the enzyme, once liberated, 
appeared to be more stable in the presence of small quantities of acid 
than if no acid had been added at all. It should be mentioned, how- 


ever, that the extracts are not strictly comparable, for those containing 


acids were all diluted more or less by the addition of various amounts 
of standard ae) acid, whilst the unacidified extract was not diluted 
at all. 
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_ Arguing from the observation of Langley and Edkins, that 
‘1°/, HCl would effect an almost complete conversion of pepsinogen 
into pepsin in a minute, a further series of observations was made on 
more’ powerfully acidified extract. The extract used was an aqueous 
one of ox pancreas. The results obtained are given in the accom- 
panying table. The values given in the first line indicate the develop- 
ment of rennetic power in the extract left standing with its gland 
substance, no observations made on the filtered 
extract. 


if Immediately lday S8days S8days 16 days 70 days 
Aqueous extract 21°4 243 216 200 35°4 
21°9 25°8 25°4 24°2 20°3 23°4 31°2 
25°8 20°0 22°7 26°0 28°7 254 
0345 eas 19°8 25°7 39°6 106 197 
0345 ” (at 38° ) 26°4 83°7 8°9 §°1 5-0 


These figures show that the addition of *1°/, HCl had no effect 
either immediately (7.¢., about a minute after the addition of the acid), 
or after 6 hours, or even after 70 days. However, 0577°/, HC! per- 
mitted the enzyme formation to take place some time between the 16th 
and 70th days, whilst in the case of 0345°/, HCl, the zymogen was in 
the middle of its conversion after 16 days’ acidification. We see that the 
extract kept with its gland substance had undergone a certain amount 
of conversion after 3 days, and had completed it after 8, so here again, 
as in the former series s of observations, the acid had only a oe 
influence. 

It will be seen that ‘1°/, HCl, thong it did not allow of enzyme 
formation, yet had no destructive influence on the small quantity of 
enzyme already present, even after 70 days. This and the other similar 
but less striking results contained in the former table seem at first sight 
highly contradictory to the tryptic determinations, for in these we 
saw that -04°/, HCl, and ‘2°/, acetic acid, had a markedly destructive 
action on the ferment. Also Kiihne’ found that hydrochloric acid 
above ‘05°/, in strength was injurious to trypsin, and Langley’ found 
that a glycerin extract of pig’s pancreas lost a considerable amount of 
its proteolytic power, if kept at 38° for 24 hours with 05°/, HCl. On 
the other hand Engesser* found that the proteolytic power of a dried 
pancreas preparation was undiminished after two hours’ digestion at 


1 Verh. Naturhist.-med. Vereins zu Heidelberg, t. p. 193. 1877. 
? This Journal, m1, p. 262. 1881. 
3 Maly’s Jahresb. 1880, p. 297. 
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40°—50° with gastric juice containing ‘5°/, HCl. He attributed this 
remarkable result to the preparation containing only zymogen, and 


.no enzyme, but this explanation is not accepted by Ewald’, or by 


Langley (l.c.). 
It should be borne in mind, however, that what holds “ain room 


temperature does not necessarily hold for a temperature of 38°. In the 


last line of the above table are given the rennetic values of some of the 
extract kept at 38°, instead of room temperature, with ‘0345°/, HCl. 
In this case there was a slight amount of enzyme formation up 
to the end of the Ist day, but after this the ferment power 
rapidly deteriorated. Unfortunately no observations were made upon 
the unacidified extract kept at 38°, so one cannot say for certain 
whether the presence of the acid increased the rate of destruction of 
the ferment. Again, one must-remember that the rennet ferment is 
a distinctly more stable body than the tryptic, so one cannot argue very 
closely from the results obtained with one ferment to those obtained 
with the other. 

Another argument in favour of the comparative stability of trypsin. 
in the presence of acid at room temperature, is afforded by the case of 
the active pancreatic extracts themselves. In these extracts the natural 
acidity is quite considerable, and yet we have seen that as a rule they 
deteriorate only slowly in enzymic power. To estimate this acidity, 
series of titrations were made with ‘2 °/, Na,CO,, using phenol 
phthalein as an indicator. The figures given in the accompanying 
table indicate the number of c.c. of 1°/, Na,CO, necessary to neutralise 
100 c.c. of the various extracts of ox pancreas; but for economy’s sake, 
and as great accuracy was not essential, the titrations were generally 
made with 1 c.c. of extract. : 


lday Sdys 9dys 18dys 27dys 36dys 45dys 62dys 84dys 
Aqueous extract .. ... 9 2% 39 389 41 89 #46 47 #51 68 
9°/, NaCl ,, 84 40 51 51 659 #64 
gland) — 82 81 82 88 81 36 88 41 40 


Aleoholic ,, ... .. 11 50 60 60 60 55 55 61 56 658 


The continuous lines drawn between certain of the values indicate when 
the most rapid formation of rennetic ferment was occurring (vide the 
curves in Fig. 1), whilst the dotted lines indicate when the ferment was 
undergoing its most rapid destruction. As far as one can see, the 


1 Maly’s Jahresb. 1880, p. 297. 
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changes in acidity have little to do either with the rise or the fall of 
enzymic power. In the case of the aqueous extract, the acidity remained 
practically constant from the 9th day until the 27th, and it was only 
after the period of most rapid ferment liberation that the acidity began 
to rise again. In the normal saline extract the period of most rapid | 
ferment formation was accompanied by a moderate increase of acidity, 
but there was a still greater increase after the ferment formation had 
ceased. In fact, it was found that in almost all of the various extracts — 
of the various pancreases examined, the most considerable rise of acidity 
followed, or accompanied, the period of most rapid enzyme formation, 
and did not precede it. This was almost certainly owing to the auto- 
digestion of the gland substance which ensued after the ferment was 
liberated. Thus filtered extracts showed no increase of acidity either 
before, during, or after the time at which their zymogen was converted 
into enzyme. For instance, some of the normal saline extract of ox 
pancreas was filtered off after seven days’ extraction, it then having an 
acidity of 20, and a rennetic value of 40. Twenty-nine days later, its 
rennetic value was 222, but its acidity was unaltered. 

The normal saline extract of kept pancreas is of some interest, for 
we see that though at the beginning it had a considerably greater 
acidity than the similar extract of fresh gland, yet it did not ultimately 
attain to nearly so high a value, presumably because its low ferment 
activity did not effect so much auto-digestion. The saturated salt 
extract showed a considerable increase of acidity just at the time of 
enzyme formation, but the alcoholic extract developed a large acidity 
during the first few days of extraction, or before the period of rapid 
enzyme formation. A somewhat similar rise of acidity before enzyme 
formation was observed in two other alcoholic extracts, so this is 
evidently in some way dependent on the nature of the extracting liquid. 

It seems unnecessary to quote the acidity values obtained with the 
extracts of pig, sheep, dog, and human pancreases, as they teach one 
nothing more than can be learnt from these ox pancreas values. The 
final acidity values of the extracts, the last time they were tested, are 
given in the accompanying table. The rennetic values of the extracts, 
at or about these times, can be determined by reference to Figs. 2, 3, 4, 
and 8. 


Pig Sheep Dog Man 

Age of extracts in days 90 115 50 67 
Aqueous extract 45 55 61 47 
NaCl 76 61 53 40. 
Alcohol _,, 43 64 76 44 
Glycerin ,, 46 45. 76 
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These values are obviously variable, and do not seem to bear any near 


_ relationship either to the nature of the gland substance, or to the 


nature of the extracting liquid. The NaCl values of the pig and 
sheep's glands are for saturated salt extracts, and of the other two 
glands, for normal saline extracts. The average acidity of all the 
extracts is 55, and supposing it were entirely due to lactic acid, it would 
follow that the extracts contained on an average °47°/, of this acid. 
Thus with phenol phthalein as indicator, in cold solution, two equiva- 
lents of Na,CO,, or 106 parts by weight, would be neutralised by one 


_ equivalent of a weak organic acid (e.g. 90 parts of lactic acid). With 
acids of greater molecular weight than lactic acid, the percentage 


present would of course be correspondingly larger. Now we have seen 
that saturated salt solution preserved the rennetic ferment better than 
almost any of the other media employed, and the average acidity of 
these extracts was no less than 69 (=°59 °/, of lactic acid). If this very 
large amount of organic acid is practically without influence, therefore, 
it is not surprising that ‘1 °/, of hydrochloric acid should also be found 
innocuous. | 

As regards the tryptic ferment, we saw that all the extracts retained 
considerable activity for days or even months, and as the acidities of 
these extracts must have been very similar to those of the ox pancreas 
extracts above recorded, it follows that the tryptic ferment is likewise 
fairly stable in the presence of considerable amounts of organic acid. 


_ The influence of products of digestion on enzyme formation. 


We saw that the addition of 1 °/, of active glycerin extract of pig’s 
pancreas to 1 c.c. of inactive extract mixed with fibrin and ‘4 °/, Na,CO, 
was able, during the course of digestion (i.e. during 20 to 30 minutes), 
to liberate enzyme giving a T of 8°4, whilst if the active and inactive 
extracts were previously kept together for an hour at 38°, the T 
induced was only 44 in excess of this value. Apparently, there- 
fore, products of digestion may markedly stimulate the conversion of 
zymogen into enzyme. In order to test the matter further, two diges- 
tion liquids were prepared by keeping equal volumes of fibrin with 
‘05 °/, Na,CO, and respectively 1 and 10 parts of pancreatic extract 
fur two days at 38°. Both liquids were slightly acid at the end of this 
time, and in the one containing the smaller amount of extract, only 
about half of the fibrin had dissolved. Various volumes of these quick. 
and slow digest liquids were added to diluted glycerin extract of pig’s 
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pancreas, and kept for an hour at 38°, = ied de values so induced 
were as follow: — 


” ” 17 ” + ‘89.0. slow digest "66 
” ” 1-0 ” 10 ,, 
” ‘1 ,, quick digest 15 
” ” 17 81 
” ” 10 ” 10 ,, ” 70 


The slow digest liquid had thus a very slight liberating action on the 
zymogen, whilst the quick digest liquid had a fairly considerable one, 
especially when 1 c.c. of it was added to 1 c.c. of inactive extract. 
Another series of observations was made in which 1 °/, of active 
glycerin extract of pig’s pancreas was added to the inactive extract, in 
addition to the digest liquids. The following results were obtained: — 


1 c.c. glycerin ext. pig +19), active ext. +2 0.0. H,0 Lhr. at 38°... 
” ” ” ” » +19 4» slow digest 
” ” + ” ” 10 . ” 10 ” ” 10°1 
” - ” ” ” 1°9 ” ‘l ,, quick digest 13°2 
” ” ” ” ” 10 ” 10 ,, ” 10°4 


We see that in every case the tryptic value induced was less than when 
no digest liquid was added at all. This must have been due to the 
retarding action of the digest liquids on the digestive action of the , 
liberated enzyme, for the addition of 1 c.c. of the quick digest liquid, 
which we saw to be much more efficacious in liberating enzyme than 
the addition of ‘1 c.c., produced considerably more retardation. The 
tryptic ferment thus complies with the general rule as to the gradual 
inhibition of ferment activity by the collection of products of action. 

Other observations were made with digestive liquids which had 
been kept for months, and also with putrefaction products, but in 
no case was any liberation of enzyme noticed. Probably, therefore, the 
liberating action depends on a few definite digestive products, and 
not on all of them. The subject was not pursued in any detail, but 
a few observations were made upon the influence of tyrosin, or what was 
regarded as a typical digestion signees and on creatin, a typical meat 
extractive. 

On keeping 1 cc. of glycerin extract of pig’s pancreas with 2 c.c. of 
water and respectively ‘1 and ‘02 °/, of tyrosin, and ‘1 and ‘02 °%, of 
creatin, for an hour at 38°, tryptic values of respectively ‘75, °67, ‘66 and 
‘63 were found to be induced. When only water was added, the T 
induced was °64, so possibly the tyrosin may have had a slight enzyme 
liberating action. In any case, the creatin had none. 
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On keeping 1 cc. of the diluted inactive extract with 1°/, of active 
extract and respectively ‘18, ‘10 and ‘02 °/, of tyrosin, tryptic values of 
respectively 14°6, 12°9 and 11:4 were induced; and when with ‘18, 
‘10, "10 and ‘01 °/, of creatin, values of 12°3, 16°7, 149 and 12:2 were 
induced, When nothing was added, the tryptic value induced was 12°7, 
and hence it follows that in no case did the addition of tyrosin and 
creatin have much effect in either direction. As both of the observa- 
tions with ‘10 °/, creatin were found to give a a slightly greater tryptic 
value than the normal, this result is probably a genuine one. 


The ‘ihuines of dissolved gases on enzyme formation. 


It is stated by Podolinski' that if oxygen be bubbled through 
inactive glycerin extract of fresh gland containing 1°2 °/, Na,CO, for ten 
minutes, this develops marked proteolytic power. Hydrogen, on the 
other hand, has no influence. 

I endeavoured to repeat this observation by passing a current of 
oxygen (Brin’s) through inactive glycerin extract of pig’s pancreas 
diluted with twice its volume of 1 °/, Na,CO,. The extract was kept at 
38°, and the gas was passed through for 15 minutes, but there was not 
the least increase of tryptic power. 1 °/, of active extract was then 
added to inactive extract diluted with two volumes of 1°/, Na,CO,, 
and after 15 minutes of oxygen treatment at 38°, the tryptic value 
induced was found to be 124, Other extract in all respects similarly 
treated, except that no oxygen was bubbled through, gave a tryptic 
value of 9°8, hence the oxygen had a distinct enzyme liberating action. 

- In the other observations made, the glycerin extract of pig’s pancreas 
was merely diluted with twice its volume of water, no sodium carbonate 
being added. The accompanying table shows the effects produced both 
by carbon dioxide and by oxygen, after bubbling these gases through 
the extract, kept at 38°, for respectively one and two hours. The 
carbon dioxide was passed into the extract from an iron bottle, a wash 
bottle of water being ee 


Diluted extract (alone) ... ide 11 14 
+ oxygen ove 1:2 1°5 
” +C0, 1°3 19 


+1°/, active falons) 12°6 21°0 
” ” ” ” ” + oxygen 18°0 21°7 
” ” ” ” +C0, 11°8 20°3 


1 Beitriige zur Kenntniss des pancreatischen Eiweissferments, Breslau, 1876 (quoted by 
Heidenhain, Hermann’s Handbuch, v. 1. p. 189). 
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We see that neither oxygen nor CO, had much influence on the inactive 
extract, the CO, apparently inducing a very small amount of enzyme 
formation. In the presence of 1 °/, of active extract, however, very 
different effects were produced. The oxygen now increased the tryptic 
value by 43 °/,, when bubbled through for an hour, whilst the CO, 
decreased it by 6°4°/,. Probably, therefore, these gases act not so much 
by liberating or preventing the liberation of enzyme from zymogen, but 
rather by enabling the enzyme already present to act with increased or 
diminished efficiency. After two hours’ treatment with the gases, the 
tryptic values do not show nearly so great differences. This is pre- 
sumably because the maximum tryptic value which could be developed 
under such conditions (shown by other observations to be in this case 
about 30) was being approached. 

A similar series of observations was made with another inactive 75 °/, 
glycerin extract of pig’s pancreas, and with similar results. The values 
obtained are given in the accompanying table: 


lhour 2hours 
Diluted extract (alone)...  ... ... ‘61 13 - 
” + oxygen “54 1°2 
” +CO, oe ove g 
active extract (alone) (12:1 18°0 
” ” ” + oxygen 15°5 16°9 


Again, we see that with the inactive extract, neither oxygen nor CO, 
had much effect. The CO, seemed to slightly retard the enzyme 
_ formation, when acting for three hours, but in view of the previous 
result, in which apparently there was a slight acceleration, one must 
conclude that there is probably no influence either in one direction or 
the other. | 

The values obtained for inactive extract containing 1°/, of active 
extract resemble those obtained before, as far as the 1 hour experiments 
are concerned. Thus the oxygen induced a tryptic value 28°/, in excess 
of the normal, and the CO, one 12°/, in defect. After passage of the 
gases for three hours, however, lower tryptic values were obtained 
than with the normal unaérated extract. Possibly this may have been 
due to the cumulative action of small quantities of impurities contained 


in the gases. 
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As active tryptic extracts are often required for laboratory purposes, 
it may not be out of place to indicate what appear to be the readiest 
methods of obtaining them. Heidenhain’s method of treating the — 
gland substance for a short time with acetic acid, and then adding con- — 
centrated glycerin, does not seem to be successful with the pancreas of the 
pig, whatever may be the case with that of the dog. Also we saw that 
exposure of the minced gland substance to the air some hours before 
extraction, though it yielded fairly active extracts, destroyed the larger 
part of the tryptic ferment present. Much more active extracts could 
be obtained with almost as great celerity by adding 1 part of methylated 
spirit and 3 parts of water to 1 part of minced gland. Several glands 
should be obtained and minced together, as if only a single gland be 
employed it may be several days before proteolytic activity begins to 
develop. Such alcoholic éxtracts attain their maximum activity in 
a week or a fortnight, and then gradually deteriorate. If permanently 
active extracts be desired, glycerin is the only extracting medium one 
can employ. If, however, concentrated glycerin be added to fresh gland 
substance, the zymogen may never undergo its conversion into enzyme. 
If glycerin containing 25°/, of water be used instead, the formation of 
a very active extract is only a question of time, but in cold weather 


_ this time may extend to months. If glycerin containing 50°/, of water 


be used, then the extract will probably become active in a few days or 
weeks. But another difficulty then presents itself. Once the activity 
has developed, auto-digestion takes place to such an extent that a clear — 


— extract can only be filtered off with extreme slowness. The greater the 


percentage of water added to the glycerin, the greater the degree of 
auto-digestion. In concentrated glycerin there is practically none, and — 
filtration is easy, but as already stated, the use of concentrated glycerin | 
may be absolutely fatal to success. 

To obtain an exceedingly active plycerin extract of trypsin, the best 
plan would be to make an extract of pig’s pancreas in 75°/, of 50°/, 
glycerin, and test its proteolytic power every few days. At first this 
would show scarcely any increase, and then more or less suddenly 
would begin to rise rapidly. After it had risen considerably, but before 
much auto-digestion had occurred, the glycerin should be filtered off — 
from the gland substance, and kept separate. Its activity would 
probably increase to some extent after filtration, and then remain 
nearly constant for months and perhaps years. If the glycerin be 
filtered off from the gland substance before it has practically any 
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proteolytic power, then if a 75°/, glycerin extract, it would probably 
develop its activity in course of time; if a 50°/, glycerin extract, it 
would certainly do so before long. It would never acquire the activity 
of the extract filtered off from its gland substance after it had become 
active, however, for we have seen that much of the zymogen is insoluble, 
and is only rendered soluble and converted into its enzyme by <a 


presence of active ferment. 


To obtain an active glycerin extract in a few days, the following 
procedure might be adopted. Mix a small quantity of the minced 


gland substance with dilute alcohol, and the larger part with 50°/, 


glycerin. When this alcoholic extract has been found to: have become 
active, bring about the conversion of the zymogen of the glycerin 
extract into enzyme by the addition to it of a small quantity (1 to 10°/,) 
of the active alcoholic extract. After a few days, when this addition of 
enzyme had induced the conversion of most of the zymogen, filter off the 
glycerin from its gland substance. Of course any active extract of any 
gland, whatever its origin, would do as well as the alcoholic extract of 
the same gland. 
_ The pancreas of the pig should always be used in i soils to 
that of the sheep, and that of the sheep in preference to that of 
the ox. Possibly dog’s pancreas might yield rather more powerful 
extracts than pig’s, but it cannot be obtained in such quantity. Also 
in diastatic activity it is considerably inferior to the pig’s pancreas. 
With a view to obtaining more definite information as to the rate 
of development of the tryptic enzyme in filtered glycerin extracts of 
various concentrations, a series of observations was made on the effects 
of adding respectively 1 and 10°/, of active glycerin extract of pig’s 
pancreas (which had a T of 140) to a concentrated glycerin extract of 
pig’s pancreas, to a 75°/, glycerin extract, and to 75°/, glycerin extract 
diluted with } and with 4 its volume of water. The values obtained 
are given in the accompanying table. These have been peeecuae for 
the T of the active extract added. 


Tryptic value induced in inactive extract 
immediately lday 2days ddays Sdays l6days 2ldays 
Concentrated glyc.ext.+1°/, activeext. 85 99 96 131 
75°), glyc. ext. +1°/, active extract 74 5 118 146 155 168 21° 
+}vol. water , 74 164 2286 3835 477 515 — 
4 28 02 513. —- — 
Concentrated glyc. ext. + 10°/, active ext, - 10°0 — 194 181 161 162 20% 
75 glyc. ext. +10), active extract 11°3 221 242 282 3824 41:1 
> +}vol. water _,, 118 264 448 484 605 572 — 
MNS 888 665 — 587 — 
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Here we see that in the concentrated glycerin extract only a com- 
paratively slight amount of zymogen had undergone its conversion 
even after 21 days. The figures in the column headed “immediately ” 
indicate the (corrected) tryptic values obtained on adding the active 
extract to the inactive mixed with the fibrin and “4°/, Na,CO,. For 
some unknown reason this did not yield by any means so great a tryptic — 
value as when the active and inactive extracts were mixed together 
before adding them to the fibrin and Na,CO,. Thus we see that in the 
case of this concentrated glycerin extract the immediate tryptic value 
with 10°/, active extract was 10°0, whilst that obtained after the 
extracts had been kept in contact for two days was 19°4. This con- 
siderable rise could scarcely have been due to conversion of zymogen 
in the interval, for we see that there was no further rise of tryptic 


‘power even after an additional 14 days. Again, we see that in the 


75°, glycerin extract to which 10°/, active extract had been added, 
the tryptic value after 1 day had risen from 11°8 to 22'1, but in the 
next day rose only from 22°1 to 242, and in the next two to 28:2. The 
values obtained on addition of 1°/, of active extract indicate the same 
thing, though not so distinctly. A possible explanation of this un-— 
expected result lies in the extreme sensitiveness of the unstable trypsins 
in active extracts to Na,CO,. Some of the most unstable molecules, 
and therefore the most active as regards enzyme liberation, may 
perhaps be destroyed by the Na,CO, before they have had time to 
come into contact with the zymogen molecules of the inactive extract. 

To return to the discussion of the table, we see that in the 75°/, 
glycerin extract the conversion of the zymogen was a great deal faster 
than in the concentrated glycerin, though with 1°/, of active extract 
considerably less than half of the total amount present had undergone 
conversion in 21 days. With 10°/, of active extract, however, about 
two-thirds had been converted in this period. The results obtained 
with the 75°/, glycerin extract diluted with respectively } and } its 
volume of water show that the glycerin needs only a very small dilution © 
in order to render the rate of conversion as rapid as one can desire, 
as far as regards the practical preparation of active extracts. Thus 
when either 1 or 10°/, of active extract was added, the extracts so 
diluted reached what appeared to be their limiting values after respec- 
tively 16 and 4 days. The final values obtained on addition of 10°/, 
of active extract are somewhat greater than those with 1°/,, so pre- 
sumably in this latter case small quantities of the zymogen remained 
permanently unconverted into enzyme. 
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When these observations were made, the average room temperature 
was about 14°. As we have already seen, the rate of conversion is very 
greatly increased with rise of temperature: If, therefore, it were desired 
to prepare active extracts as quickly as possible, they might be warmed 
to 20°—24°, but it would be very unsafe to keep them much above 
this temperature. Thus we have seen that at 38° the enzyme in diluted 
extract is destroyed as rapidly as it is formed, after the first three 
hours. 

As regards\the methods adopted for the estimation of the tryptic 
and rennetic ferments, that for the tryptic proved to be very reliable 
and convenient. It is obvious, however, that with very active and 
unstable extracts, as compared with stable, a large quantity of ferment 
would digest the fibrin relatively more quickly than a small quantity. 
Thus the shorter the digestion time, the less the amount of ferment 
destroyed before the digestion is completed. However, the average 
values given in the former paper for the determination of the T of an 
extract from any given digestion time were found to hold fairly well for 
all but the extremely active and sensitive glycerin extracts. For these — 
extracts, another series of values was used, in which the increase of T 
for digestion times less than 30 minutes in duration, and the decrease 
for digestion times more than 30 minutes, was only about two-thirds of 
that given in the table. The differences in the results thereby 
produced were as a rule only very slight, for great care was taken to 
use such an amount of extract as would give a digestion time not far 
removed from the standard 30 minutes. Of course it was not always 
possible to anticipate even roughly the tryptic value of a given extract, 
so if the digestion time obtained departed much from the standard, 
another determination was made, using more, or less, extract, as the case 
might be. 

The method adopted for estimating the rennet ferment unfor- 
tunately is not very reliable. The determinations would work out 
all right for days and even weeks, and then suddenly would all be 50°/, 
or so too high. Occasionally, in fact, the diluted milk would give a 
slight coagulum on boiling after keeping a short time at 38°, though no 
extract whatever were added. This was due, I believe, to the semi- 
sour milk over from the day before being mixed by the dairyman with 
the fresh morning’s milk, for the morning's milk might be found useless 
for experiment, whilst the fresh afternoon’s milk would give perfectly 
reliable results. Unless, therefore, one were to obtain one’s milk from 
a single cow, in a state of absolute freshness and purity, the metacasein 
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reaction must always temain somewhat unreliable. It is easy to 
recognise when one’s results are too high, for they are all of them 
increased by about the same relative amount. In such cases, therefore, 
they were all rejected, and were repeated the same afternoon, or the 
next day, with fresh milk. . 


SUMMARY. 


Extracts of a fresh pancreatic gland as a rule show no tent 
activity for some days, and then more or less suddenly develop neatly 
their maximum power. For instance, the 25°/, alcoholic extract of an 


‘ox pancreas was found to have a rennetic value of 1°7 after 5 days’ 


extraction, but one of 167 after 9 days; the normal saline extract of 
the same pancreas one of 7°8 after 13 days, and one of 200 after 
19 days; the aqueous and saturated salt extracts, values of respectively 
168 and 3°9 after 19 days, and of 200 and 295 after 33 days. After 
maintaining their maximum power for a few days or weeks, the extracts 
gradually deteriorate. 

When the glands from several different animals are minced together 
and extracted, the ferment activity begins to develop at once. In the 
case of sheep’s glands, the 25°/, alcoholic extract was found to attain 
its maximum tryptic (T) and rennetic (R) values in 12 days: in the 
normal saline extract its maximum T in 2 days, and its maximum R in 
8 days: in the 75°/, glycerin extract its maximum T in 63 days, and its 
R in 86 days. In the case of pig’s glands, the alcoholic extract reached 
its maximum T in 9 days, and its R in 59 days: the normal saline 
extract its T in 5 days, and its R in 16: the glycerin extract its T in 
71 days, and its Rin 105. The glycerin extracts attained more than 
twice the T of the alcoholic extracts, and 3 to 10 times that of the 
saline extracts, but the maximum rennetic values were comparatively 
little influenced by the nature of the extracting liquid. Still as a rule 
the tryptic and rennetic powers of extracts show a distinct resemblance, 
but this is only qualitative, not quantitative. The relation between 
the R and T values may vary considerably from day to day in the same 
extract, and still more so in different extracts. Also the extracts of 
pig’s glands, as compared with those of sheep’s, contain relatively much 
more tryptic ferment. 

The destructibility of the trypsin, as tested by keeping the diluted 
extract for 1 hour at 38° with -4°/, Na,CO,, and determining the per- 
centage of ferment destroyed at the end of that time, varies con- 
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comitantly with the activity of the extract. Thus the normal saline 
extract of sheep, when at its maximum proteolytic power (T = 23°7), 
had 76'9°/, of its ferment so destroyed. When its T had sunk to 15°0, 
the destruction rate fell to 51°7°/,; when to 9°5, to 38:2°/,, and when 
to 5°7, to 19°6°/,.. The other extracts of sheep and of pig’s pancreas 
_ showed a similar increase of stability with decrease of tryptic power. 
The glycerin extract of sheep reached a (maximum) T of 72,’and had 
no less than 80°/, of its ferment destroyed per hour. The glycerin 
extract of pig, with a T of 208, had only 69°/, destroyed, and the 
other extracts of pig were also slightly more stable than those of sheep, 
in spite of their having treble the tryptic power. Also the two 
glycerin extracts did not increase in stability even after their T 
had fallen off to respectively 47°9 and 139, hence probably about half 
of the trypsin they originally contained was of the same degree of 
instability. 

If filtered glycerin extracts of zymogen be diluted with water, 
they spontaneously develop tryptic power at a rate increasing with 
the degree of dilution. If small quantities of an active extract be 
added in addition, the rate of conversion of zymogen into enzyme is 
enormously increased: For instance, the addition of 1°/, of active 
glycerin extract of pig’s pancreas to inactive glycerin extract caused 
the T to increase from ‘85 to 88'1 in 2 days; the addition of 3°/,, to 
89:1 in 1 day; and of 10°/,, to 97°5 in 9 hours. When no active extract | 
was added, the T increased only to 1:14 in 4 days. At 38°, instead of 
‘at room temperature, the rate of conversion is three or more times as 
rapid. On comparing extracts of pancreas of different animals, it was 
found that their enzyme liberating power depended on their tryptic 
activity, and on their degree of instability (as regards Na,CO,); but, 
proportionately to their tryptic activity,-active extracts set free the 
enzyme from the zymogen much more rapidly than the comparatively 
inactive extracts. 

The rennet ferment in inactive extracts is set free as well as tryptic, 
but it was found that the liberation of the ferment from its zymogen 
was effected, not by the rennet fermeut, but by the tryptic. Thus if 
an extract containing a large amount of rennet ferment, and but 
little tryptic, were added to an inactive extract, there was but 
little liberation of either rennetic or tryptic ferment; but if one con- 
taining a small amount of rennet ferment and a large amount of 
tryptic were added, there was a considerable liberation of both fer- 
ments, 
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In support of Langley’s view of the existence of zymogens of 
various degrees of elaboration, it was found that an inactive extract, 
on keeping, showed a considerably increased susceptibility to the 
enzyme liberating action of active extract. Also a considerable part 
of the zymogen in gland tissue only becomes soluble after the gland has 
been left in contact with active extract. 

It was found that the amount of ferment liberated by exposure of 
the minced gland substance to the air for 20 or more hours was as 
a rule very small, most of the ferment being set free after the addition 
of the extracting liquid. As a rule, also, exposure to the air destroyed 
more than half of the rennetic ferment, and more than three-fourths of 
the tryptic ferment. 

Heidenhain’s method of keeping gland substance for 10 minutes 
with 1°/, acetic acid before mixing with glycerin did not prove suc- 
cessful in the case of pig’s pancreas, but fairly active extracts were 
obtained by keeping the gland with ‘2°/, acetic acid for 20 hours before 
adding the glycerin, and also by adding ‘05—25°/, acetic acid to diluted 
glycerin extract and gland substance. The addition of acids to filtered 
extracts never in any case hastened enzyme formation, but almost 
always considerably retarded it. Ultimately, however, the zymogen 
underwent conversion into enzyme, even in the presence of ‘058°/, HCl, 
‘19°/, acetic acid, and ‘21°/, lactic acid. .The acid seemed to have no 
destructive effect on either enzyme or zymogen at room temperature, 
but this is not remarkable as the natural acidity of kept extracts, in 
which the ferments may remain undeoumtporcd for months, may be 
equivalent to °59°/, lactic acid. 

The addition of small quantities of tryptic digestion products to 
inactive extracts was sates to have a moderate enzyme liberating 
effect. 

If oxygen or CO, were bubbled for 1 to 3 hours through diluted 
glycerin extract kept at 38°, the enzyme was not liberated any more 
rapidly or slowly than in unaérated extract. If, however, 1°/, of an 
active extract were added in addition, then in 1 hour the oxygen in- 
creased the enzyme formation by respectively 43 and 28°/, in two 
different observations, whi the CO, decreased it by respectively 6:4 
and 12°/,. 


(The expenses of this research were in part defrayed out of a grant from 
the Government Grant Committee of the Royal Society.) 
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ON THE AGENTS CONCERNED IN THE PRODUCTION 
OF THE TRYPTIC FERMENT FROM ITS ZYMOGEN. 
By HENRY F. BELLAMY, MD. 


(From the Physiological Laboratory of the University of Lausanne.) 


SINcE the publication of an historical and critical review’ of the 
attempts made by certain Continental physiologists, notably by Schiff 
and Herzen, to establish the doctrine of the functional co-relation of 
spleen and pancreas in the elaboration of the active tryptic ferment, 
the opportunity has presented itself to me, owing to the kindness of 
Prof. Herzen himself, of undertaking, in collaboration with Mdlle 
Besbokaia, a series of control experiments on this question, While 
thus engaged I have also devoted myself to the experimental proof of 
the recent statement by Prof. Pawlow that the mucous membrane of 
the small intestine possesses a function like that of the spleen. In 
the light of the Schiff-Herzen hypothesis, a product of the spleen 
will be dealt with as an tntra-pancreatic factor in the conversion of 
zymogen into trypsin; in the second part, in accordance with the 
views of Pawlow, a substance produced by the intestinal mucous 
membrane will be considered as an extra-pancreatic agent in the 
same process. | 


Part I. 


AN INTRA-PANCREATIC FACTOR IN THE CONVERSION OF 
ZYMOGEN INTO TRYPSIN. 


The Schiff-Herzen hypothesis must not be confounded with the 
original theory of Schiff which sought to prove that the spleen, during 
its periodical engorgement with blood, furnishes to the pancreas the 
entire wherewithal from which to elaborate its trypsin. This view 
was entirely upset by the discovery first of the gastric zymogen by 


1 Lancet, 1. p. 1185. 1900, 
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Grtitzner and Ebstein, and afterwards of the pancreatic pro-ferment 
by Heidenhain. An account of the subsequent researches of Schiff 
and Herzen will be found elsewhere’; it suffices to mention here that 
the clue given to Schiff by the synchronism of splenic dilatation 
and pancreatic activity was followed up by Herzen, who at length 
arrived at the conclusion that the true solution of the problem was to 
be found in a fusion of the facts respectively observed by Schiff and 
Heidenhain. His argument was as follows:—Since the zymogen is 
being continuously elaborated, and therefore independently of the 
spleen and its periodical congestion, and since it accumulates in the 
gland cells during fasting and is rapidly and copiously transformed into 
trypsin only in the presence of the spleen and in proportion to the 
degree of its dilatation, it would seem probable that the spleen furnishes 
to the pancreas, during its periodical congestion, an unknown substance 
capable of transforming its inert zymogen into active trypsin. 

‘The comparison of the behaviour of an infusion of: the fasting 
pancreas when caused to digest alone and the same infusion when 
mixed with splenic infusion obtained both during fasting and in full 
digestion, constitutes the basis of the experimental evidence contri- 
buted by the supporters and critics of the hypothesis*. The animals 
hitherto experimented upon have been chiefly the cat and the dog. 
The latter animal is found in practice most conveniently to fulfil the 
necessary experimental conditions, Some earlier experiments made by 
me on cats gave results inferior in constancy to those yielded by 


dogs. The latter were selected irrespective of size and breed, the sole 


care being to employ only those animals in which a normal state of 
health could safely be assumed. It is of the utmost importance that 
the spleen and pancreas be removed while the etherised animal is still 
living, the former because it is desirable to secure every drop of blood 
in the congested organ, the latter on account of the rapid spontaneous 
oxidation which occurs in its zymogen after the death of the animal. 
The best method for the removal of the spleen is to apply a double 
ligature, first to the veins and then to the arteries, and afterwards to 
cut away the organ between these ligatures. No time should be lost in 
infusing the organs after removal; they should immediately be placed 


1 Schiff. Beitrige zur Physiologie, 1v. pp. 148—239. 1898; Herzen, Pfiiger’s 
Archiv, xxx. p. 295. 1883; Ibid. uxxxrv. p. 115. 1901. 

2 The principal of which are: Pachon and Carvalho, Arch. de Physiologie, 1893, 
p- 6338; Pachon and Gachet. Ibid. 1898, p. 322; Badano, La Clinica med. di Genova, 
No. 2, 1900; Prevost and Battelli, Revue Médicale de la Suisse Romande, No. 2. 1901. 
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in the fluid vehicle, and cut up finely with scissors. With regard 
to the most suitable vehicle, .I have found that the three media of 
which I have any experience have all given good results. Aqueous 
infusions are perhaps the least useful since they not only allow of the 
rapid. oxidation of the zymogen but also of the very early putrescence 
of the infusion; their use in experiments of this nature appears 
to me to have been superseded by Herzen’s boracic acid vehicle 
(5°/,), which while exerting a certain restraining influence on the 
oxidation of the zymogen, protects the digestion from bacterial in- 
vasion, Glycerine forms an excellent vehicle in those experiments 
in which the properties of the same infusion have repeatedly to be 
tested; the value of ifs use when pure and concentrated lies in 
indefinite retardation of Spontaneous transformation in the zymogen, 
without modifying in any Way the action of the trypsin. When 
diluted with about twice their volume of water, such infusions mani- 
fest the same degree of activity, although spread over a much 
longer space of time, as aqueous or boracic infusions. The restraint 
exercised by the glycerine on the atmospheric conversion of the 
zymogen is accompanied by a corresponding curb on the union of 
the two factors, zymogen and splenic product, the combination of 
which, according to the hypothesis, results in active ferment. With 
glycerine infusions diluted in the above manner and maintained at 
_ @ temperature of 40°C., the total solution of an equal quantity of 
fibrin can be achieved in 24 hours. The activity of glycerine infusions, 
however, increases in proportion to their dilution with water, and by the 
free addition of the latter much quicker results can be obtained than 
that above mentioned. 

Whatever the method of infusion it must not be forgotten that after 
the lapse of a certain time the dissolved zymogen ceases to exist as 
such since it becomes converted into true trypsin. It is, in conse- 
quence, advisable to establish the following rule: that artificial digestions 
intended to compare the activity of solutions rich and poor in trypsin | 
should be limited in duration to 6 hours. The use of egg albumen as 
the experimental proteid still further illustrates the possibility of error 
arising from the same source; in some earlier experiments in which 
I made use of this substance in the form of carefully cut cubes of 
coagulated white of egg, no apparent change could be detected in them 
at the end of 6 hours’ digestion. The solvent action of trypsin upon 
albumen is so tardy that to wait until its digestion is well advanced 
is to render it possible to ascribe such digestion to converted zymogen. 
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An excellent material is well-washed blood fibrin which liquifies with 
extreme rapidity in contact with trypsin. 

The following are the formule used by me in » the preparation of 
artificial digestions :— 


A.—To test activity of pancreas of fasting or digesting animal :— 


Pancreatic infusion ............ 10 c.c. 
Pure vehicle | : 


Fibrin 


B.--To test activity of mixed pancreatic and splenic infusions :— 


Splenic 
Fibrin 


Let us now turn to a consideration of the satin themselves 
and their results. The following is an account of an experiment made 
quite early in the investigation; I give it here, because it is illus- 
trative of two important pitfalls in the path of the unwary observer. 


Exp. I. Two dogs, A and B, were taken. 

Dog A, a young animal of small breed, had been given, 6 hours previously, 
a copious meal consisting of milk 1 litre, minced meat 1,000 grms., and bread 
100 grms. The animal was etherised, and its spleen and pancreas removed. 
The former was found to be but very feebly congested. Both organs 
were infused in boracic acid. 2 

Dog B, a young though large animal, had been fasting for 20 hours. 
The animal was etherised, and its spleen and pancreas removed. Both 
organs were found to be highly anemic, and the spleen was contracted and 
resembled in consistency a piece of leather. Boracic acid infusions were 
made of both. 

Digesting fluids were prepared from these infusions, fibrin was added, 
and the mixtures maintained at a temperature of 40°C. with the following 
results 


Digesting fluid Result after 6 hours 
1. Infusion of pancreas of dog A. Digested whole quantity. 
2. Infusion of pancreas of dog B. No apparent change. 
Infusion of pancreas of dog B together id. 
with infusion of spleen of dog A. 
4. Infusion of pancreas of dog B together ad. 


with infusion of spleen of dog B. 
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The results of this experiment, as well as those of many others of 
which it is typical, appeared at first sight to be disappointing, the only 
positive event obtained, viz. complete digestion by an active pancreatic 
infusion, was quite in accordance with already known facts. The dog A, 
according to the assertion of Schiff and Herzen, should have been in 
the culmen of digestion ; that this was not the case, however, is revealed 
by an examination of the stomach itself; in it digestion had barely 
commenced, the organ being stuffed out with undigested masses of food, 
especially of meat. Now our dogs were in the habit of being fed every 
evening between five and six o'clock; when it was desired to obtain 
a turgescent spleen this meal was withheld. Consequently, on the 
following morning the animal was ravenously hungry, and greedily 
devoured the experimental meal, of which it might consume as much as 
it pleased. This bolting of its food gave rise to indigestion in the 
animal, and the period of full gastric activity was accordingly delayed 
far beyond the normal (6—7 hours).. The spleen, in its turn, failed to 
receive its stimulus to dilatation, and was therefore useless for the 
purpose of the experiment. In subsequent experiments this drawback 
was obviated by giving as the experimental meal a moderate quantity 
of easily and quickly digestible food, such as milk and bread with a little 
raw meat, or at other times boiled meat given with its broth and a little 
bread. As a general rule also, in order to facilitate still further the 
march of digestion, 50 grms. of dextrin (Schiff’s pepsinogene) were 
given either along with this meal or administered in the form of an 
enema. | 

With regard to the apparently paradoxical attitude of the pancreas, 
viz. that it gave an active digestive extract, this proved to be due to 
another oversight in the experimental conditions, The pancreatic 
infusion from a fasting animal is not always entirely inactive; although 
the contents of the gland cells during fasting are mainly trypsinogen, there 
may also be present a certain amount of trypsin. Since, however, its 
presence appeared to be a direct contravention of the terms of the 
Schiff-Herzen hypothesis, it became a necessity to discover the origin 
of this trypsin. The two possibilities having at first sight the greatest 
degree of probability were the following :— 

(1) That, in the accomplishment of the previous digestion by the 
animal, the ingested proteids failed effectually to use up the whole 
quantity of trypsin formed, and consequently a more or less considerable 
amount of unsecreted active ferment remained over in the gland cells 
during the succeeding fast. 
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(2) That, in some cases at least, ‘the supply to the pancreatic cells 
of the tryptogenic substance secreted by the spleen is maintained, 
although in an enfeebled manner, during fast.. 

The first hypothesis is based upon an observation made by Schiff 
in his early investigutions of peptic digestion. It seemed to me that 
a similar state of things to that described by him in the stomach might 
obtain also in the pancreas. By way of remedy I gave the animals an 
exceedingly copious preparatory meal at the beginning of the fast, 2.¢. 
16—20 hours before the time of the experiment; this meal was of such 
dimensions as effectually to use up the whole quantity of pepsin formed 
during its digestion. The result was that I obtained pancreatic infu- 
sions in most cases quite inactive; if any trypsin remained in the gland 
cells its quantity was so trifling that its presence caused no obscurity in 
the final results, The validity of the first hypothesis being established, 
and since inactive pancreatic infusions were obtainable from the organs 
of fasting animals, the fallacy of the second hypothesis needed no 
further demonstration. At the same time it is necessary to note—and 
this fact was first observed by Schiff in 1862—that for some reason in 


dogs of large breed a rather considerable quantity of trypsin always 


remains behind in the gland cells. It is therefore more convenient, 
in view of the more conclusive results obtained, to make use of the 
smaller breeds. 


That the difficulties arising from the causes we have been discussing 


had been overcome by the introduction of these improved experimental 


conditions was proved by the signal success of subsequent experiments 
of which the following may be considered typical : — 


Exe. II. Two dogs, C and D, were taken. 


Dog ©, a small and young animal, after partaking of a very copious 
preparatory meal had been allowed to fast for 20 hours. After etherisation, 
the spleen and pancreas were removed. Both organs, found to be pale and 
bloodless, were infused in boracic acid solution. 


Dog D, a similar animal, had 7 hours previously partaken of a moderate 
though generous experimental meal ; with the animal under ether the spleen 
alone was removed, the organ being surgically extirpated and the dog allowed 
to recover. The spleen, found to be greatly congested, was infused in 
boracic acid solution. 

The digesting fluids prepared tow these infusions with fibrin added were 
put to digest at 40°C. 
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| -Digesting fluid Result after 3 hours 
1, Pancreatic infusion of dog C alone. No visible change. 
2. Pancreatic infusion of dog C together with 
spleen infusion of same dog. 
3. Pancreatic infusion of dog C together with — All digested 
splenic infusion of dog D. 


The splenic infusion obtained from dog D was so active that no less than 
two further successive portions of 10c.c. of fibrin, when added to the decanted 
digesting fluid no. 3, were as promptly digested. Not until the lapse of 
8 hours from the beginning of the experiment did signs of digestion manifest 
themselves in nos. 1 and 2; these signs were of course referable to already 
advancing spontaneous transformation of the zymogen. _ 


With glycerine infusions, obtained from other dogs under the same 
conditions, results were obtained’ ag follows :— 


Digesting fluid “Result after 24 hours 
1. Pancreatic infusion of fasting dog alone. Signs of commencing 
digestion. 


Pancreatic infusion of digesting dog alone. _ Digestion well advanced. 
Pancreatic infusion with splenic infusion No visible change. 
of fasting dog. 
4. Pancreatic infusion of fasting dog with All. digested. 
splenic infusion of digesting dog. 3 


In the ensuing 24 hours the liquid no. 4 was twice decanted and fresh 
fibrin added. Both portions were fully digested. The fibrin in nos, | and 3 
was nearly but not quite digested at the end of this period. 


_ But the best proof of the validity of the hypothesis lies in the 
behaviour of pancreatic infusions obtained from animals on which the | 
operation of splenectomy has been performed. According to Schiff 
and Herzen the pancreatic cells of these animals should, throughout 
the rest of their existence, remain in a condition of complete atrypsia. 
= | It does not follow that the organ is thus rendered useless, since, as 
I hope to show in the second part of this paper, the zymogen may 
become converted by other means. As far, however, as the intra- 
pancreatic conversion of zymogen into trypsin is concerned, this 
process comes to an end. At the time of this investigation there were 


< 
i 
» 
> 
a 
a 


330 : H. F. BELLAMY. 


several spleenless dogs in the laboratory ; in no case had these animals 
appeared to suffer any inconvenience from the mutilation; their appe- 
tite and digestive powers were to outward appearance quite normal. 
In experiments with these animals two of them were generally taken, 
together with two other dogs whose spleens were intact. 


Labelling the two spleenless dogs E and F, and the intact dogs G and H, 
the four animals were etherised and their _ removed under the following 
conditions :— 

Dogs E and G had been fasting 20 bout the period of fast had not 
begun with a preparatory meal since no activity of the pancreas due to 
remaining trypsin was in dog E, and the condition was 
immaterial in dog G. : 

_ Dogs F and H had partaken of an cpituniond meal 7 hours previously. 
The pancreas of each of the two spleenless animals was found to be pale and 
anemic; the spleen of dog G was contracted and bloodless; that of H 
enormously engorged with blood, All these organs were infused in boracic 
acid solution. Digesting fluids were prepared in the usual manner. 


Digesting liquid Result after 3 hours 
1. Pancreatic infusion of dog E alone. No visible change. 
2. Pancreatic infusion of dog F alone. ne ne 
3. Pancreatic infusion of dog E together wd. 


with splenic infusion of dog G 

4. Pancreatic infusion of dog E together 
with splenic infusion of dog H 

5. Pancreatic infusion of dog F together 
with splenic infusion of dog G 

6. Pancreatic infusion of dog F together 
with splenic infusion of dog H 


All digested. 
No visible change. 


All digested. 


The results of this experiment show in an unmistakable manner 
that the secretion of the pancreatic cells of a spleenless dog, even when 


the animal is in full digestion, is no longer capable of assuming 


immediate activity in the digestion of proteids. On the other hand, 
directly it becomes mingled, as in Nos. 4 and 6, with the secretion 
of a turgescent spleen, it becomes immediately active and digests 
copiously. The spleenless dog in full digestion, as far as the activity of 
its pancreas is concerned, is therefore in exactly the same physiological 
state as the intact fasting dog; in the latter case atrypsia is due to the 
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withdrawal of the primary stimulus of the whole digestive cycle, we. 
food, and in the former to the removal of the intermediate factor in that 
cycle, on which the formation of trypsin immediately depends. 

That the blood is the agent whereby the splenic product is carried 
to the pancreas is shown by an experiment in which by drawing off 
a quantity of blood from the splenic vein of a dog in full digestion, 
results similar to those of an infusion of the whole organ have been 
obtained. The serum obtained by clotting this blood I have found to 
be quite inactive, so that the splenic product is probably carried in the 
plasma and destroyed in the process of coagulation ; it is also possible 
that the solid elements contain it and that it follows them when clotting 

In a recent French translation of a work on the digestive glands by 
Pa wlow!', there appears the ne criticism of the Schiff-Herzen 
conclusions :— 

“The importance attached by Herzen to the influence of the 
spleen is doubtless exaggerated, and fails to correspond with the ‘true 
facts of the case. As shown, first by Popelski by means of his 
albumen tubes and afterwards by myself in experiments with fibrin, the 
pancreatic juice freshly collected from spleenless animals (dogs and cats) 
contains trypsin in considerable quantity....the pancreatic juice of a 
spleenless dog digested in 30—40 minutes at the body temperature 
a quantity of fibrin filling a test tube 15 cm. high x 1, 5 cm. in 
diameter.” 

With regard to the researches of Popielski on this questi have © 
already indicated in a previous communication? the objettions which 
compel me to reject the criticism offered by this observér. The gist of 
the passage above quoted lies in the results of the experiment with 
fibrin adduced by Pawlow; but in order to appreciate this result at its 
proper value it is of the utmost importance to know what precautions 
were taken by Pawlow to prevent the spontaneous transformation of 
the zymogen during the collection of the juice; pending the 
publication of the details, it would be prudent to suspend judgement 
upon the fact so summarily announced by him. 


1 Le travail des Glandes digestives. Masson and Cie, Paris, 1901. 
? Bellamy. loc, cit. 
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Part II. | 


AN EXTRA-PANCREATIC AGENT IN THE CONVERSION OF THE 
| PANCREATIC ZYMOGEN INTO TRYPSIN. 


_ In the early part of 1900 Pawlow made a cursory announcement! 
of the discovery by him of a new property possessed by the enteric 
juice. He affirms that the latter acts upon the pancreatic juice, after 
its entry into the duodenum, in such a manner as considerably to 
augment the power of its ferments on proteids, carbohydrates and fats. 
In a recent publication? Pawlow enters with greater detail into this 
question, and adds that the intensifying action of the enteric juice is 

greatest in the case of the proteolytic ferment, the zymogen of which . 
has the power of directly converting into trypsin. 

Our present subject being confined to the proteolytic ferment, this 
portion of Pawlow’s researches only need be discussed in the present 
paper. Pawlow made use of fresh juice collected by means of a 
permanent pancreatic fistula invented by him; I undertook, under the 
direction of Prof. Herzen, to control Pawlow’s observations by apply- 
ing to them the infusion method above described. 


_ Exp. I. A young dog of small breed, which had been given the prepara- 
tory meal and then allowed to fast for 20 hours, was taken, etherised, and 
its pancreas removed and infused in the ordinary way in boracic acid. The 

_mucous membrane of the intestinal tract was scraped away at various levels, 
the separate portions being infused in boracic acid. Fibrin was added to 
the infusions, and they were put to digest at 40°C. 


Digesting fluid Result after 3 hours 
1. Infusion of pancreas alone. No apparent change. 


Infusion of pancreas together with infusion Digestion well advanced 
of duodenal portion of small intestine 


3. Infusion of pancreas together with infusion Digestion still further 


of jeyunal portion advanced. 
4. Infusion of pancreas together with infusion Digestion well advanced. 
tliae portion 


5. Infusion of pancreas together with bite No apparent change. 
of large intestine from neighbourhood of 
sigmoid flexure. 


1 Oration delivered at the solemn assembly of the Association of Russian physicians in 
memory of Botkin. St Petersburg, 1900. 
2 Loc. cit. pp. 255—261. 
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Tt is clear from the results that (1) the zymogen of the pancreatic 
infusion finds something in an infusion of the small intestine by which 
it becomes rapidly converted into trypsin, (2) that the product in 
question is furnished in greatest abundance by the jejunal portion, 
and (3) that it is entirely absent from the infusion of the large 
intestine. 


Exp. II. Two dogs, A and B, were taken, 

_ Dog A had been given a preparatory meal and had then fasted for 
20 hours. Dog B had partaken 7 hours previously of a moderate easily 
digestible meal. Both animals were etherised. The pancreas of dog A | 
was infused in boracic acid; portions of the intestinal mucous membrane 
similar to those used in the first experiment were removed from both 
dogs and infused in the same vehicle. Digestive fluids were prepared as 
in Experiment I. 

The object here was to compare the influence, on the same inactive 
pancreatic infusion, of the two sets of infusions of mucous membrane 
obtained respectively from fasting and digesting animals. The result was 
that digestion proceeded with greater rapidity in those tubes containing 
the digesting fluids prepared from dog B; they accomplished in two hours 
the same amount of digestion achieved by those coming from dog =a in 
three hours. 


It is evident from this experiment that while the presence of 
the intestinal product is manifest at both extremes of the digestive 
cycle, it is furnished in greater abundance at the culmen of digestive 
activity. 


Exp. III. In this experiment two dogs were taken, both of which had 
undergone the operation of splenectomy twelve days previously. Similar 
infusions to those used in the foregoing experiments were prepared, the 
one dog being in a state of fast, the other in digestion. The results 
obtained from these infusions were identical in every respect with those of 
Experiment II. 


This third experiment fciaben us with the proof of the existence 
of the intestinal product as a separate and distinct agent, since by it 
the supposition is disproved that this agent is identical with the splenic 
product of Schiff and Herzen and is carried by the blood to the 
intestinal mucous membrane... 

It will be remembered that Pawlow affirms the duodenum to be 
the spot from which enteric juice could be collected, possessing the 
greatest amount of influence on the activity of pancreatic digestion. 
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This I have never found to be the case; the infusion of the duodenal 
portion is invariably the least active of any. It is interesting to note, 
in this connexion, that Schiff in his early experiments with spleenless 
dogs found that cubes of albumen, when enclosed in sachets of fibrous 
membrane, and introduced through a fistula into the duodenum did 
not become digested. It was, however, soon afterwards observed by 
Radzikowski‘ that the same cubes, when allowed by increasing the 
length of string attaching the sachet to the margin of the wound, to 
wander into the neighbouring jejunal portion, were soon digested. 
This fact was attributed by him to bacterial agency, but it seems more 
probable that, at the lower intestinal level, the zymogen had found 
time to mingle freely with the enteric juice, under the influence of 
_ which it, became converted into trypsin. 

There would seem to be very little room for doubt that the mucous 
membrane of the small intestine does furnish a product capable of 
assisting pancreatic proteolysis by bringing about the conversion of 
protrypsin into trypsin. To what extent this agent actually finds 
employment in the living body it would be difficult to say; but it 
seems reasonable to suppose that its sphere of activity varies inversely, 
within certain limits, with that of its more important and powerful 
neighbour produced by the spleen. It should perhaps be regarded as 
a provision whereby zymogen escaping unaltered into the intestinal 
lumen can be seized upon and utilised in the ordinary way. It is 
a remarkable fact, however, that although the conversion of zymogen 
into trypsin seems to be doubly ensured, neither means is essential 
to the well-being of the animal, since Pawlow’s dogs, possessing a 
permanent pancreatic fistula, and in which not only the zymogen and 
trypsin but the whole pancreatic juice flows to the exterior, are 
maintained indefinitely in good health. 


CONCLUSION. 


(1) The pancreas of the dog presents two phases of activity, 
(a) aslow and continuous phase feebly evident after the decline of 
digestion and reaching its culmen during complete fast; during this 
period zymogen is accumulating in the gland cells, and at this time 
the contents of the latter, although consisting for the most part of pure 
zymogen, may, if the previous intake of food be not copious enough 


1 Unpublished observations. 
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to occasion its entire removal, include a certain amount of true trypsin. 
(6) A rapid and intermittent phase coincident with the period of 
considerable gastric activity, in which, as advocated by Herzen, the 
inactive zymogen granules present in the cells receive from the spleen 
in the form of an “internal secretion” the agent with which to elaborate 
the active proteolytic ferment—trypsin, which passes forthwith into the 
glandular ducts. 

(2) The blood supplies the vehicle by which this product of the — 
spleen is transported to the pancreas (Herzen). It appears to be 
carried by the solid elements of the blood since serum does not contain 
it; if carried by the plasma it is destroyed by coagulation. 

(3) I find in agreement with Herzen that the pancreas of a dog 
deprived of its spleen exists in a condition of complete and permanent 
atrypsia; the elaboration of zymogen continues in the gland cells; this 
zymogen is excreted as such, and if it becomes subsequently changed 
so as to be of service to the organism this process is carried on outside 
the pancreas and occurs as the result of some agency other than the 
spleen. 

(4) The mucous membrane of the small intestine, as shown by 
Pawlow, furnishes a product possessing the property of converting 
the pancreatic zymogen into trypsin; this product is especially plentiful 
in the jejunum, it is elaborated quite independently of the spleen, and 
its presence is manifest throughout the whole — cycle, as well in 
_ spleenless as in normal animals. 
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RIGOR MORTIS IN THE HEART AND THE STATE 
OF THE CARDIAC CAVITIES AFTER DEATH. By 


J. A. MACWILLIAM, M.D., Professor of Physiology in the 
University of Aberdeen. (Two Figures in Text.) 


(From the Physiological Laboratory of the University of Aberdeen.) 


CONTENTS. 


Graphic records of contraction of left in 338 
State of the heart after death from various causes: Asphyxia, shicesines, 
morphia, lactic acid, ammonia, 
embolism ; 


THOUGH the occurrence of rigor mortis with the general features of 
that condition—acidity, &c.—in the mammalian heart has been long 
_known, little seems to have been ascertained as to its exact characters, 
its order of development, relative intensity, and duration in the different 
parts of the heart, the conditions which influence it, &. 

My observations have been made from time to time over a period of 
many years and mainly on the hearts of cats, rabbits, guinea-pigs, and 
rats', though in some instances the hearts of men and oxen have been 
examined. 

Methods. In many instances the heart has been exposed prior to 
death and the development of rigor (after death induced in various 
ways) directly observed ; in other cases the thorax has not been opened 
till some time after death. Means have always been taken to prevent 
accidental escape of blood from the vascular system. The amount of 
blood in the various chambers of the organ has often been determined 
by weighing the clots extracted from each cavity, or when it was 
desired to determine the amounts of blood in the right and left sides 
respectively before coagulation had occurred the great vessels were 


1 All experiments on animals were conducted under anmsthesia (chloroform &c.). 
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ligatured close to the heart and then the contents of the right and left 
sides were separately evacuated and measured. Care was taken to close 
the coronary arteries at their origin. The intra-cardiac pressure was 
estimated after death on the two sides of the heart by the following 
methods :— 

(a) by a Hg. manometer scinnenbenl with the ventricular cavity by a 
tube either passed through the ventricular wall or introduced through 
the auricle. 

(b) by observing the height to which the blood rose in a vertical 
tube of small calibre pushed through the cardiac wall into the cavities ; 
the tube had a sharp bevelled point and was washed out’ with 
25 °/, MgSO, solution just before using. A minute snip was made 
through the epicardium to permit the entrance of the point of the tube. 
Both in this method and the preceding (a) care has to be taken to 
avoid displacement of blood by mechanical pressure on the heart, &., 
to observe the exact elevation of the cardiac chambers where the obser- 

vations are made, and in (b) to allow for the capillarity of the tube used. 
_ Tracings of the contraction of the left ventricle as it enters into 
rigor were obtained by tying a cannula into the aortic orifice of a 
heart just excised and connecting the cannula with a mercurial 
kymograph in the usual way, the tracing being inscribed on a slow 
drum. | 


Post-MORTEM INTRA-CARDIAC PRESSURE, 


_ Brunner? many years ago described the existence of a slight 
positive pressure in the vascular system after death. 

In recent years there have been conflicting views on this point. 
Bayliss and Starling* found, in accordance with Brunner’s ob- 
servation, a definite positive pressure amounting in the fig to 
5—10 mm. Hg. 

On the other hand L. Hill and Barnard* have stated that in the 
dead animal when the flow of fluid has entirely ceased and the 
conditions have become static the mean pressure measured in the 
aorta and vena cava is zero. 

My own observations have invariably shown the presence of a slight 
but appreciable pressure in the cardiac chambers after death—in the 
rabbit pressures of 2—3 mm. Hg. when tested with the manometer and 


1 Zeitechr. f. rat. Medicin. 1853, _ 2 This Journal, xvi. p. 166. 1894. 
3 Ibid. xx1. p, 345. 1897. 
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25—40 mm. blood when determined by a vertical tube as already 
described ; and somewhat. higher pressures in the cat. I have found 
the pressures equal on the two sides of the heart after death induced in 
many different ways—asphyxia, cardiac paralysis caused by various 
poisons, &c, (Cases where there has been great loss of blood, mechanical 
obstruction, &c. are of course not included in these statements. ) 


GRAPHIC RECORDS OF THE CONTRACTION OF THE 
LEFT VENTRICLE IN RIGOR. 


When the pressure in the interior of the left ventricle is recorded in 
the way stated the left ventricle is found to exhibit considerable 
expulsive force when it contracts on entering into well-marked rigor— 
getting up a pressure of 25—30 mm. Hg. (cat) in the kymograph ; this 
pressure may be maintained at practically the same level for a con- 
siderable time and then at a somewhat lower level for a further and 
more prolonged period extending over very many hours, &. The rise 
of pressyre is usually rapid in the first few minutes after contraction 
has begun; then it developes very much more slowly up to its 
maximum. In the intact heart (ox) movement of blood in the coronary 
veins on the anterior surface of the ventricles may be distinctly seen at 
this time. 


Fig. 2. 


Fig. 1. Cat’s heart; manometer connected with L.V.' Secondary oscillations well marked 
on the rise of pressure caused by the ventricle contracting as it goes into rigor. Time 
tracing shows half-hours. 


Fig. 2. Cat’s heart. Arrangement similar to preceding experiment. A series of quick 
contractions and relaxations resembling ordinary systoles and diastoles on a small 
scale is seen on the tracing below the mark x, after the pressure had risen 
considerably, and some slow secondary oscillations had occurred. 
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A remarkable feature seen in many tracings is the occurrence 
of very well-marked minor oscillations of pressure showing as secondary 
waves on the curve (Fig. 1.) These may occur during the rise of 
pressure, or for some time after it has reached its maximum, or in 
both these periods. These minor oscillations are each of considerable 
duration—their rise and fall extending over several minutes; the 
phases of ascent and descent are approximately equal asa rule, These 
oscillations succeed one another in an irregular fashion ; sometimes only 
one in half-an-hour, at other times several may occur in close succession 
and with a fairly regular rhythm within the same period. They 
obviously depend on slow variations in the state of contraction of the 
ventricular walls. They only occur, as far as I have seen, in the earlier 
stages of rigor, e.g. within 1—2 hours after death. : 

It is worthy of note in some cases that after the appearance of some 
well-developed slow oscillations of the kind described the ventricle may 
execute a series of very different contractions and relaxations—short in 
duration, quick in succession, and evidently resembling ordinary systoles 
and diastoles in miniature. (Fig. 2.) 

Thus the ventricular muscle while shortening in the contraction of 
rigor, or soon after it has reached its maximum shortening, can show 
slow contraction and relaxation, and after showing some of the slow 
oscillations, can again exhibit a succession of quick contractions and 
relaxations on a small scale; of course the two kinds of secondary 
oscillation may depend upon the action of different sets of nieee in the 
ventricular wall. 

It is only in some hearts that the oscillations described: above are 
seen; in very many instances there is no sign of them. I have not 
seen them at all in tracings of rigor made by a lever laid across the 
ventricles of an excised heart resting on a horizontal surface. The 
- lever rises as the ventricular wall goes into rigor but the tracing shows 
no secondary oscillations as far as I have seen. Of course the conditions 
are very different here; the contracting ventricle is not in the state of 
tension present in the manometer experiment. 

The relation of shortening of the muscular fibres to loss of their 
excitability seems to be quite different in the heart from what is 
described as occurring in skeletal muscle, viz., that there is a previous loss 
of excitability before any contraction takes place. In the heart on the 
other hand the ventricular wall may show decided evidence of excitability 
when contraction has already gone on to a considerable extent. In this 
respect the cardiac muscle rather resembles skeletal muscle subjected to 
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the influence of gradual heating; here excitability may persist for some 
time after contraction has set in’. 

There is no necessary parallelism between cardiac and skeletal 
muscle as regards the occurrence of rigor, its intensity, &. In cases 
where the heart shows little or no sign of rigor the skeletal muscles 
may be strongly rigid. _ 

Rigor in the heart is not prevented by freezing in the way that 
I have found effective in the case of the post-mortem contraction of 
excised arteries. A recently-excised (contracting) heart frozen for 
4—-5 hours was found to show well-marked rigor after thawing—the 
cavity of the left ventricle was almost. obliterated while the muscle 
became markedly rigid. 

Similarly when rigor has been vatidiliabaad in the heart it is not 
removed by freezing for 4—5 hours, nor by treatment with potassium 
sulphocyanide solution, nor by heating to 50°—55°—methods which are 
effective in abolishing post-mortem contraction of the arteries. | 


STATE OF THE HEART AFTER DEATH FROM VARIOUS CAUSES. 


Asphyxia. Rigor mortis plays an essential part in determining the 
state of the heart and the distribution of the blood in the heart and 
great vessels which have long been recognised as characteristic of death 
by asphyxia. Many causes have been adduced to account for the fulness 
of the right heart and its vessels and the emptiness or comparative 
emptiness of the left side, e.g. the greater distensibility of the right heart, 
the influence of violent respiratory movements and muscular spasms in 
determining an accumulation of blood in the great systemic veins and 
the right heart, an alleged strong contraction of the pulmonary arterioles 
opposing the discharge of blood from the right ventricle, diminished 
suction power of the left ventricle, &.; also the influence of rigor mortis 
on the left ventricle after death, though no explanation seems to have 
been offered as to why the right ventricle should behave differently to 
the left in this respect. 

Most of the alleged causes may be set aside as inadequate or 
unessential. The greater distensibility of the right heart would naturally 
apply equally in cases of death from causes other than asphyxia and 
would obviously not account for the left heart being nearly empty. 
The influence of violent respiratory movements and muscular spasms 


1 Brodie and Richardson, Phil. Trans. B. 191, p. 143. 1899. 
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is evidently unessential since these can be excluded by the previous 
administration of curare without materially altering the condition found 
after death. The assumed contraction of the pulmonary arterioles may 
be shown not to be an effective cause by evidence of various’ kinds 
(study of pressure in left auricle, &c.), and so with the diminished suction 
power of the left ventricle. Indeed any cause merely leading or tending 
to an accumulation of blood on the right side of the heart prior to death 
must be an unsatisfactory explanation. For though some discordant — 
statements’ have been made on the point, it is quite certain that at 
death both sides of the heart are distended with blood—both auricles 
and ventricles. The pressure in the right and left chambers has, in my 
experiments, been found to be equal—usually a pressure of 25—40 mm. 
blood in the rabbit, and a somewhat higher pressure in the cat. 

Conflicting statements have been made as to the amounts of blood 
in the two sides of the heart immediately after death by asphyxia. 
One observer gives the relative proportions on the right and left sides 
as two to three, while another‘ describes a very great preponderance on 
the right side—in one experiment (dog) he found 16 oz. on the right 
side and only 2} oz. on the left. | 

In my experiments the amount on both sides was invariably found 
to be relatively large; there was always found to be more on the right 
side than on the left—commonly in the proportion of three to two—eg. 
in a rabbit I found 9c.c. on the right side and 6¢.c. on the left*; in 
another (smaller) rabbit 4°5 c.c. on the right and 3 cc. on the left, &c.* 

The greater amount of blood on the right side is evidently due to 


1 Sir George Johnsoa (An Essay on Asphyxia, London, 1889; Lancet, Aug. 10, 1889; 
Proc, Roy. Soc. xu1x. p. 144, 1891) describes the cavities of the left heart as becoming 
distended in the earlier stage of asphyxia when the systemic pressure is very high, and 
then diminishing in size, and becoming empty at the end of asphyxia, by which time the 
cavities of the right heart have become largely distended—on account (as he affirms) of 
extreme contraction of the pulmonary arterioles. 

2 Roy and Adami (Phil. Trans. 183 (1892) B, p. 288) relying on records obtained by 
their myocardiograph, describe the tonicity of the auricles as being increased in asphyxia 
(after section of the vago-sympathetics) and the expansion in diastole diminished, while 
in the ventricles the expansion in diastole is increased. 

My own tracings, made by different methods, invariably show marked distension of the 
auricles as well as the ventricles in asphyxia; and the change visible on direct inspection 
of the heart is too extensive and striking to leave any room for doubt on the point. 

Burdon-Sanderson, Handbook for the Physiological 1873, 
p. 323. 

4 Johnson, loc. cit., London, 1889, p. 15. 

5 The post-mortem pressure here was 4mm. Hg in each ventricle. 

® Sometimes the difference is much less than this. 
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the greater distensibility of the right heart; since the pressure on the 
two sides is found to be equal. 

_ After death by asphyxia rigor occurs early and strongly in the left 
ventricle. In the rat I have seen rigor commencing as soon as 9 minutes ~ 
after occlusion of the trachea, in the rabbit in 12 minutes, and in the 
cat in 15 minutes—though as a rule the periods are much longer than 
these, It seems probable that the diminution or emptying of the left 
ventricle described by Johnson (op. cit. 1899), as occurring at the end 
_ of asphyxia may have been really due to the early onset of the contraction 

While the expulsive power of the left ventricle after asphyxia can 
be demonstrated by means of a manometer in the way already described 
the exterior of the ventricle also shows changes when going into rigor— 
its apex becomes more pointed, its surface paler, &c. 

_ Why is the right ventricle not emptied by rigor mortis like the 
left? In asphyxia the right ventricle dies slowly and gradually— 
later than the left. Rigor comes on late, it is gradual in its onset, 
often markedly unequal in distribution, and relatively slight in intensity. — 
In the larger animals marked differences may be found in different 
portions of the muscular walls of the right ventricle, e.g. the mesial wall 
may be much more rigid than the rest of the ventricle. As the force 
exerted in rigor is confined to the period between the beginning of the 
attempt to shorten and its completion, it is obvious that if different sets 
of fibres go into rigor at different times no considerable expulsive force 
can be developed, even if the contractile effort was very much stronger 

than it is, as a rule, in the right ventricle after asphyxia. Further, 
_ the lateness of the occurrence of rigor is unfavourable to the expulsion 
of blood from the cavity, on account of changes occurring in the 
blood itself after a time, increased adhesiveness and subsidence of the 
corpuscles, coagulation, &c. 

In some cases after death by asphyxia rigor comes on much earlier 
than usual in the right ventricle and is much more strongly developed. 
_ When this happens the blood is expelled just as ordinarily happens in 
the left ventricle, so that some time after death both ventricles are 
found to be almost empty. | 

Exp.1. Rabbit, Chloroform. Natural respiration. 

Trachea closed. 

4 min. after. Respiration has ceased; cardiac pulsation visible through skin. 

7 min. Heart-beat can still be felt; slowed. 


20 min. Thorax opened. Whole heart distended. 
30 min. Distinct evidence of rigor in L.V. 
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20 hours. Both ventricles contracted. When cut across the cavities of both were found 
to be almost obliterated; a little reddish serum escaped. A considerable amount of clotted 
blood in R,Au.; little in L. Au. 


Exp. 2. Rat. Chloroform. Natural 
_ Asphyxia by closure of trachea. 
5 min. to. Tat chest wall, the thorax was 
opened. Whole heart distended. Ecchymoses in lungs. 
: 90 min. Both ventricles rigid and contracted; cut into—both almost empty. R.Au. ~ p 
more distended than L.Au. 


In some instances—in young animals at least—in which the left 
ventricle lives longer than usual after asphyxia and the onset of rigor 
in the heart is later than usual, neither ventricle may be emptied that 
there may be no decided preponderance in the contents of either 
24 hours after death. 


Exp. 3. Rabbit (young). Chloroform. Natural respiration. 

Trachea closed. 

14 min. Respiration stopped. 

2} min. No respiration. Cardiac pulsation visible; slowed. 

34 min. Slight respiratory movements. 

4min. No sign of respiration. : 

12 min. Thorax opened. Whole heart distended, but R.Au. larger than L. 1 No 
contraction at first, but soon rhythmic contraction occurred in all parts, mens feeble and 
ineffective. 

22 min. R.Au. and systemic veins beating more vigorously—104 per min. CR. V. dis- 
tended—shows no movement. Contraction still visible in L.V. ? 

1 hour. R.Au. and systemic veins beating; no contraction in any other part; R.Au 
seems to contain somewhat more blood than L.Au. J 

24 hours. Auricles contain much blood (coagulated), R.Au. more than L.Au. Ventricles 
feel rigid. Cut across iderable blood-clot in each; no decided difference in amount. 


It is well known that in skeletal muscle activity of a muscle prior 
to death favours the development of rigor very markedly, and it is 
conceivable that in ordinary asphyxia the great strain thrown upon 
the left ventricle while it is working against asphyxial rise of blood- 
pressure might have an influence upon the subsequent development 

- of rigor in the heart. There is also the question of possible over- 
stretching of the thin-walled right ventricle, &c. But it is clear that 
such influences are not at all essential for the production of the 
characteristic p.m. condition of the organ. For asphyxia induced while 
the usual rise of pressure is absent leads to results in the heart after 
death essentially similar to those usually seen when the asphyxial rise 
has occurred in the ordinary way though the L.V. may not be emptied. 
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Exp. 4. Cat. Chloroform, Large dose of curari injected (subcutaneously) while 
artificial respiration was kept up. Artificial stopped after a little time. No rise in 
blood-pressure; heart stopped with both sides distended. 

2 hours p.m. Feeble contractions (irregular in sequence) seen in R.V. Rigor 
present in L,V. | 

24 hours p.m. R.V. contains a great deal of blood; faint signs of rigor in it. R.Au. 
much blood. L.V. firm and contracted; L. Au. has little blood. 

48 hours p.m. 

72 ” ” 

96 hours p.m. R.V. less distended than before but still large ventricles cut across— 
R.V. and R.Au. contain large clots; L.V. almost empty—only traces of clot. 2 


condition much the same. 


In a rabbit where no rise of pressure occurred when asphyxia was 
induced, the clots obtained from the cavities of the heart 20 hours after 
death were as follows—stated in milligrammes—L.V. 490, R.V. 1120, 
L.Au. 220, R.Au. 210. (This result is exceptional in one respect—in 
there not being the usual preponderance in the R.Au., as compared 
with the L.Au.) 

Chloroform. A. When an animal is killed by the gradual ad- 
ministration of dilute chloroform vapour by inhalation in the usual 
way the respiration stops, as a rule, some time before the weakened 
heart has ceased to beat; the whole heart at length fails with all its 
chambers largely distended. 

Some hours after death the cardiac condition is that anally found 
after asphyxia. 

Exp. 5. Rabbit chloroformed till respiration ‘cae 

Thorax opened. Whole heart distended; still showing rhythmic contraction (in- 
effective). 
1b o after stoppage of respiration. L.V. apparently contracted to some extent, 
though still responding to mechanical stimulation. | 
' 2hours. Rhythmic contraction in R.Au.; occasional feeble contraction in R.V. L.V. 
is much smaller than before. L,Au. as well as R.Au. and R.V. much distended. Pressure 
in R.V. and L.V. equal=38mm. blood. 


24 hours. R.H. distended; large clot in R.V., L.V. _— almost empty; small 
clot in L.Au. 


B. When the heart is paralysed by an sdadia of chloroform prior 
to the cessation of respiration it ceases to beat with its walls relaxed 
and all its chambers distended with blood ; this is the case whether the . 
chloroform has been given by inhalation in the intact animal, or 
whether it has been administered by artificial respiration after the 
thorax bas been laid open and the heart submitted to direct inspection. 
When an overdose has been rapidly given by inhalation, deep slow 
respiration often goes on (in the cat) for a considerable time (minutes) 
after all signs of cardiac action have ceased to be perceptible. — 
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On examination some hours after death the condition of the heart 
is commonly found to be greatly changed from the state of general 
distension seen at death. The left ventricle may be markedly con- 
tracted in rigor and nearly empty, while the right side of the heart is 
- gorged, t.¢., the condition usually recognised as being characteristic of 
asphyxia has developed (Exps. 6 and 7). 

In other cases rigor is well marked in both ventricles and both are 
found to be nearly empty. 


Expr. 6. Cat. Overdose of chloroform given by inhalation during quick respiration. 
Collapse occurred ; heart-beat ceased to be perceptible and exposed axillary artery suddenly 
became pulseless and empty; while respiration continued regularly, becoming slow and 
’ deep, for more than two minutes—artificial respiration being performed occasionally. 
No recovery of circulation. 

12 min. after collapse. Thorax opened. Whole heart distended ; faint movements 
in auricles. 

15 min. Signs of commencing rigor in L. V. 

- 80min. Pronounced rigor in L.V. 

45min. L.Y. firmly contracted and apparently empty. R.V. much distended. Aus. 
both large; R. somewhat larger than L. 

3 hours. The characteristic asphyxial condition is present. 

48 hours. Ventricles cut open. Large clot in R.V. L.V. almost empty. 


Exp.7. Rat. Chloroform. Overdose of chloroform given by artificial respiration— 
until all signs of heart action abolished. Thorax —— heart found te be 
distended. 

1} hour later. L.V. in rigor, empty or nearly so. R.V. distended. R.Au. (still 
beating) has more blood than L.Au. 


Such results as these indicate the impossibility of determining 
with certainty from post-mortem examination of the heart whether 
respiratory or cardiac failure had been the determining cause of death. 
For what is usually regarded as an asphyxial condition of the heart is 
found not only when the respiration has ceased first, but also in many 
instances in which cardiac paralysis preceded respiratory failure. 

_ Morphia. Intravenous injection of a large overdose of morphia 
speedily arrests the heart in a state of general distension. Some hours 
afterwards both ventricles may be found to be firmly contracted in rigor 
and nearly empty. 


Expr. 8. Cat. Chloroform. Large dose of morphia acetate. Thorax opened and 
heart found to be acting very feebly and inefficiently; its excitability as tested by 
electrical stimulations was greatly depressed; it soon stopped beating—in distended 
condition. 

8 hours p.m. Rigor evident in heart. Ventricles are contracted and appear to be 
nearly empty; auricles contain a fair amount of blood. 

24 hours p.m. Ventricles firmly contracted. Little blood in auricles. 
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48 houfs p.m. No change. 
96 hours p.m. Distribution of blood unchanged. Ventricles cut across—cavities 
almost entirely empty—only a few small shreds of clot in right ventricle. 


Potassium Salts. When the heart is paralysed by injection of 
potassium salts into the jugular vein the respiration survives the heart 
for a little time. In many animals (cat, &c.) a sufficient dose of 
potassium salt at once throws the heart into long-persisting fibrillar 


 contraction—causing speedy death. 


Rigor is usually later in developing and less marked than usual, aed 
some hours after death (24, &c.) much blood is found on both sides of the 
heart; the L.V. contains much clot, though not as a rule as much as 
the right. 


Expr. 9. Rabbit. Chloroform. Killed by injection of potassium bromide solution into 
vena cava inferior in abdomen. Thorax opened—heart distended; ineffective waves 
of contraction. 

45 min. after injection. Heart motionless. No sign of rigor. 

24 hours after injection. Large clots in both ventricles, though R.V. is the larger. 3 
Rigor very strongly marked in skeletal muscles. 


Exp. 10. Rat. Chloroform. Injection of KBr sol. into inf. cava. Respiration went 
on for alittle time. Heart exposed—distended and showing fibrillar contraction. 

20 hours later. Clots of very considerable size in both ventricles, Rigor well marked 
in skeletal muscles. 

Muscarin and Pilocarpin. Sudden death from an overdose of either 
of these drugs injected into the jugular vein is usually followed by a 
post-mortem condition of the heart pretty similar to that induced by 
potassium salts, though the amount of blood in the L. V. may be less 
than after potassium salts. In both cases rigor is well marked in the 
skeletal muscles. 

Lactic Acid. When the heart is rapidly paralysed by lactic acid it 
stops in a condition of general distension, but after death it assumes 
the appearances usually regarded as characteristic of death by asphyxia. 

Exp. 11. Rabbit, chloroform and chloral. Lactic acid injected into jugular vein caused 
speedy abolition of all external signs of heart action, while the respiration became as- 
phyxial in character and soon ceased. Thorax opened at once. Whole heart distended 
and motionless. Ventricles respond feebly to direct (mechanical) stimulation ; no visible 
response in auricles. 

20 hours later. Right side of heart distended, containing large clots, L. side contains 
very little blood, the L.V. being almost empty. Here an asphyxial distribution of blood is 
present though primary cardiac failure had undoubtedly occurred. 

Ammonia. Injection of ammonia into the jugular vein speedily 
causes paralysis and distension of the whole heart. After death an 
asphyzial distribution of the blood developes. 
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Exp. 12, Rabbit; chloroform and chloral. Heart paralysed by injection of Liq, Ammon. 
Fort. (B.P.) into jugular vein ; respiration stopped shortly afterwards. Thorax opened at 
once. Heart motionless and distended. Pressure in R. and L. Vs. found to be equal = 
25 mm. blood. Later, rigor developed in L.V. 

24 hours p.m. R. side distended, large clots in V. and A. ; L.V. almost empty, only a 
few shreds of clot on musculi papillares, &c.; small clot in L.Au. Rigor seems to have 
passed off from L.V. earlier than usual. 


Exr. 13. Similar procedure and results except that the post-mortem pressure (equal on 
both sides as before) was 35 mm. blood. 


Hemorrhage. Rigor is well marked in both ventricles, which are 
usually contracted and empty or nearly so. The auricles contain less 
blood than usual—especially the left. The intravascular pressure 
being lower than usual contraction will more easily discharge blood 
from the heart. 3 


Exp. 14. Rabbit, chloroform... Right carotid artery cut. Ripla respiration and 
speedy death. 

10 min. p.m. Thorax opened and heart exposed. Whole organ flaccid and sisi 
entirely motionless; rhythmic action has ceased. Both ventricles contain much blood ; 
the R.Au. is fairly filled, while the L.Au. is very small. 

45 min. p.m. L.V. in very firm rigor; apparently empty. R.V. also rigid and seems 
almost empty. L.Au., small (motionless). R.Au., contracting rhythmically; fairly full. 

24 hours p.m. Both ventricles contracted and rigid; cut across—L.V. is empty and 
R.V. almost empty. R.Au., fair amount of blood; L.Au., small. 


Pulmonary Embolism. This was produced by the injection of air or 
lycopodium spores (in normal saline) into the jugular or superior vena 
cava. The obstruction of the pulmonary vessels speedily led to a great 
accumulation of blood in the right heart, the pulmonary artery, and the 
great systemic veins. 

Rigor was well marked in the left ventricle after death ; the right 
remained full of blood. 


Expr. 15. Rabbit. Chloroform. Natural respiration. Air into jugular vein. Speedy 
collapse. Thorax opened. Lungs very pale and anwmic ; did not bleed when wounded. 
Heart almost entirely arrested. Both ventricles contain much blood, though R.V. more 
than L.V. R.Au. and vene cave greatly distended. L.Au. is small. 

20 hours after. Great preponderance of blood on R. side. Small clot and a little 
serum in L.V. and L.Au. ; rigidity well marked in L.V. Large amount of clot in R.V. and 
R.Au, 


Exp. 16. Rabbit. Chloroform. Thorax opened; artificial respiration. Injection of 
1 c.c. *75 °/, NaCi solution with some lycopodium powder stirred in it into vena cava 
superior. Speedy development of asphyxial symptoms with great distension of right 
pulmonary artery and right heart, while the left heart looks almost empty. 

24 min. Heart seems to have stopped. 
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4 min. Still an occasional respiratory movement. Both auricles beating at good rate ; 
whole heart gives a beat now and then. R. Au. distended; L.Au. apparently empty. 

6 min. Ventricles beating at 20 per min. Auricles much more rapidly. 

9 min. Ventricles give a beat occasionally; L.V. now contains a good deal of blood. 
Condition of auricles unchanged, still beating. 

23 min. Auricles still beating. Ventricles contract when stimulated but not otherwise. 
Contraction of R. Au. distinctly precedes that of L, Au. 

24 hours. Large clot in R.V.; much less blood in L.V., ehh ited. 


CONCLUSIONS. 


Rigor mortis in the heart differs from that in the skeletal muscles 
(a) in some of its characters, and (b) in regard to the conditions which 
influence its appearance and intensity. ge 

The hypothesis of a relation between the time of onset of rigor and 
the length of the nerves connecting the muscle with the central nervous 
system does not hold good in the heart. 

The onset of rigor in the left ventricle is attended by contraction 
(or retraction) of considerable force—sufficient to get up a pressure of 
30 mm. Hg. (in the cat) in a manometer connected with its cavity. In 
some cases slow minor contractions and relaxations occur after the 
persistent contraction of rigor is more or less fully developed. 

While rigor is the chief factor in determining the post-mortem 
condition of the heart as regards fulness or emptiness of the different 
chambers, &c., the time of occurrence of coagulation of the blood, and 
the post-mortem intravascular pressure are also concerned. 

After death there is always a positive blood-pressure on both sides 
of the heart, and this pressure is equal on the two sides. (Cases of 
hemorrhage and mechanical interference excluded.) 

In cases where the cardiac muscle dies very slowly and goes on 
discharging energy long after the circuJation has ceased, rigor is 
commonly less strongly developed, and both ventricles may contain 
much blood 24 hours after death. 

After death from paralysis of the heart induced in various ways, the 
state of the heart (some hours afterwards) varies widely—(a) both 
ventricles may be contracted and practically empty (morphia, W&c.), 
(b) the right ventricle may be distended and the left almost empty— 
what is usually regarded as an asphyxial distribution of the blood being 
present (chloroform, lactic acid, ammonia), or (c) both ventricles may 
contain much blood (potassium salts, &.). | 
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After death by asphyxia, while the most common post-mortem 
condition is the one which has long been recognised as characteristic _ 
of this condition—right side distended, left side comparatively empty. 
The L.V. is emptied by early and strong rigor; the R. V. is not emptied 
because rigor is late in appearance, and weak, and unequal in distribu- 
tion, etc. But in some cases of death by asphyxia both ventricles are 
- found contracted and empty, and in other cases both contain much 
blood. | 

After death by chloroform it is impossible to determine with © 
certainty from the post-mortem examination of the heart whether 
failure of the respiration or of the heart had occurred first. 
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OBSERVATIONS, CHIEFLY BY THE DEGENERATION 
METHOD, ON POSSIBLE EFFERENT FIBRES IN 
THE DORSAL NERVE-ROOTS OF THE TOAD AND 

._ FROG. By H. H. DALE, B.A,, formerly Scholar of Trinity 
College, Cambridge, and Coutts Trotter Student. 


EXPERIMENTS made with the object of determining whether efferent 
fibres exist in the dorsal spinal nerve-roots of the frog have given 
contradictory results in the hands of different observers. On the one 
hand Steinach ™ finds that spinal nerves send viscero-motor fibres to 
the cesophagus, stomach and intestine solely by the dorsal roots, and to 
the rectum and bladder in part by the dorsal roots. On the other hand, 
Horton-Smith™ found no evidence for the presence of viscero-motor 
fibres in the dorsal roots: but in a small percentage of cases he found 
that motor fibres to certain skeletal muscles were contained in the 7th, 
8th or 9th dorsal root of one side. Wana, working under Steinach, 
has been able to observe this effect on skeletal muscles, though the 
number of cases in which it occurred was relatively smaller than in 
Horton-Smith’s experiments. 

The above observations were all made by the method of stimulation, 
and it seemed better to attack the question by another method of 
experiment than simply to add to the tale of conflicting evidence. The 
presumption being that any departure from the Bell-Magendie law of 
the conduction of impulses will be associated with a corresponding 
exception to the Wallerian law of degeneration, I have given most 
attention to the degeneration method, though some experiments have 
also been made by the old method of stimulation. The results on certain 
points seem to be decisive, but I have been unable, for lack of time, to 
carry out the observations as fully as I had-hoped. 


DEGENERATION EXPERIMENTS. 


The main object of my experiments was to determine whether, on 
section of the dorsal roots of an Amphibian, the degeneration of the 
fibres follows Waller’s law or not. 
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Method of operation. All my observations have been made upon 
the common toad, Bufo vulgaris, which, on account of its thicker skin 
and less spacious dorsal lymph-sac, its ready recovery from large doses 
of ether, and the ease with which it can be kept in a clean dry chamber, 
forms a far better subject for operation than the frog. The toad was 
washed thoroughly with soap and water and was then anzsthetised by 
placing it in a beaker containing 150 c.c. of water to which 3c.c. of ether 
had been added. In this it was left until the limbs became perfectly 
flaccid, respiration ceased, the mouth fell open, and no trace of corneal 
reflex remained. When anzsthesia is carried to this extent there is very 
little bleeding on opening up the spinal canal. 

The dorsal skin of the anssthetised animal was washed with 
corrosive sublimate (,},) and then with sterilised 0°6°/, saline. The 
latter only was used as lotion after the first incision. 

A longitudinal median cut was made through the dorsal skin, 
extending from a short way behind the last to about the 5th vertebra. 
The fascia dorsalis was divided along each side of the spinous processes 
of the last 4 vertebra, the tendon of origin of the longissimus dorsi on 
each side removed from the urostyle, and the muscles turned forwards 
to their insertion. The dorsal surface of the neural arches of the 6th, 
7th, 8th and 9th vertebrae was thus exposed. The animal was then held 
firmly with the left hand while, with fine scissors, the intercrural and 
interspinal muscles and ligaments were divided between the 7th and 8th 
vertebra, With strong scissors the laming of the neural arch of either 
the 7th or 8th vertebra were then cut through on each side of the 
middle line. During this part of the operation it was necessary to hold 
the whole animal in the left hand, with which the skin could be drawn 
away from the cut by pressure on the flank, and the spine slightly flexed 
by depression of the head. No method of fixing the animal approached 
this in convenience. The hand was carefully washed in corrosive 
sublimate before further procedure. The detached middle of the 
neural arch could now be raised and turned forwards or backwards. 
A probe was then passed into the spinal canal, the bundle of long 
roots raised and several roots cut ucross with fine scissors. The roots 
were returned to the spinal canal, bleeding stopped by pads of cotton- 
wool soaked in sterilised saline, the dorsum of the vertebra replaced, 
the longissimus dorsi muscles restored to their normal position, the 
dorsal lymph-sac freed from blood-clots by saline pads, and the dorsal 
wound stitched with sterilised silk ligatures. The whole operation 
was completed with ease in from 10 to 15 minutes, during which 
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time the animal remained completely under the influence of the 
anzsthetic. 

The animal was usually kept for a day or two in a perforated pan of 
enamelled iron under a bell-glass and then transferred to the vivarium. 


Of 7 toads on which the operation was performed 3 died within a week, 


for no reason which could be ascertained. The animal in each of these 
cases became more and more sluggish, finally dying in the night. Of 
the other four, one, in which most of the sciatic roots were cut, died 
after 17 days; another lived for 30 days; the third was killed 37 days, 


_ the fourth 49 days after the operation, by which time the dorsal wound 


had healed completely. 

Several frogs were operated upon in the same manner, but none 
lived long enough to give the required results. The animal appears to 
be much more sensitive to the effect of ether, and the looseness and 
delicacy of the skin makes difficult the accurate closure of a wound like 
that needed for the operation. Moreover the median position of many 
of the dorsal cutaneous nerves renders their division unavoidable. This 
is not so in the case of the toad, and may be one reason for the far 
readier healing observed in the latter. 

Results of experiments. The following are the details of the effects 
of operation as determined by dissection of the 4 toads in — it was 
successfully performed. 


Dorsal Ventral Dorsal Ventral 
1 17 8th and 9th 7th, 8th, 9th 9th 8th and 9th 
2 30 9th 9th 0 0 
8 37 9th 8th, 9th, 10th 9th and 10th 10th 
4 49 8th, 9th, 10th 9th 9th 0 


The method of examination adopted was the same in all cases. The 
central and peripheral ends of the divided dorsal roots were cut out, 
carefully extended on small slips of filter-paper, treated with 1°/, osmic 
acid for 12 hours, washed for 24 hours in running water, and then teased 
in short segments, in dilute glycerine. The teased preparations were 
exhaustively examined with a magnifying power of about 400. 

In the peripheral cut ends of the dorsal roots not a single fibre was 
discovered showing any sign of degeneration. 

In the central cut ends the fibres had all undergone degeneration 
except in the case of one root—the 9th dorsal root of the right side in 
Exp. No. 4. In No. 1 degeneration had not proceeded far, and lengths 
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of apparently sound fibre were here and there discoverable; but, when 
traced through the preparation, these were in all cases found to be 
continuous with degenerate portions. In the other experiments 
degeneration had proceeded so far that there was never any doubt as 
to the degenerated condition of the fibres. 

_ In the central end of the 9th right dorsal root in Exp. 4, 18 fibres 
were found which were quite free from degeneration and could be traced 
us unquestionably sound fibres through every section of the root 
examined. These were drawn under a high power (42°) with a camera 
lucida, measured and counted, with the following result: 


Fibres 10—15y in diameter ... 5 


» about ,, 
5—10 ” eée 5 
18 


None of the fibres, then, were of a diameter less than 5 uw, and most 
of them were of considerably greater diameter. 

I have examined the rami of the sympathetic system, and the 
branches running off from the sciatic plexus to the rectum and the 
bladder. In none of these was any fibre found of a greater diameter 
than 5 y, and the proportion of fibres attaining that size was small: that 
is to say, viscero-motor preganglionic fibres in the toad are never more, 
and mostly less than 5 in diameter. It is quite clear, then, that the 
above sound fibres cannot be of this nature. Further, the absence of 
corresponding degenerated fibres in the peripheral cut end of the root 
is a discrepancy which forbids the conclusion that these fibres were 
dorsal-root fibres having their trophic centre in the spinal cord and 
degenerating peripherally. Examination of the corresponding ventral 
root gave what is probably the correct explanation of their presence. 
This root was found to have been injured at a point near to the level of 
section of the dorsal root, though it was not itself divided. In the 
portion of the ventral root peripheral to this point of injury a number 
of degenerated fibres were found. It seems most probable that a small 
bundle of fibres was torn across-and hooked up from the ventral root 
by the fine probe with which the dorsal root was lifted for division, and 
that this fine bundle remained attached to the central cut end of the 
dorsal root and was removed with it for examination. 

_ Apart from, this merely apparent discrepancy it is clear that the 
medullated fibres of the dorsal roots examined—the 7th, 8th, 9th and 
10th—in the toad all follow the Wallerian law of degeneration. 
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The possibility that efferent fibres of non-medullated nature exist 
in the dorsal roots was taken into account. Numerous portions of the 
fresh roots were teased in 0°6°/, saline containing 0°04 °/, of methylene 
blue, left for 30 minutes in a moist chamber and carefully examined 
with low and high powers of the microscope. No non-medullated fibres 
could. be demonstrated in them, though they were well shown in control 
preparations made at the same time and by the same method from the 
splanchnic nerves. 

The evidence is therefore complete that, in those dorsal 
roots of the toad which have been examined, there are no 
fibres which have their trophic centre in the spinal cord. 

In other words, if stimulation of the peripheral end of these dorsal 
roots does give rise to visceral effects, it does not do so by the stimulation 
of efferent fibres in the roots—the term efferent fibres being used in the 
accepted sense. Moreover, since it is most improbable that, in such a | 
- fundamental physiological character the frog should differ from the toad, 
I think the same conclusion holds for the frog. 

There remains the possibility that the effect described by Steinach 
is produced by stimulation of the afferent and not of the efferent fibres. 
Bayliss suggests that Steinach’s effects may be due to “antidromic” 
impulses of the kind which he himself demonstrated on excitation of 
dorsal roots in the dog. This possibility drives us back to the method of 
stimulation. 


NOTE ON STIMULATION EXPERIMENTS. 


A few observations were made by the old method of stimulation on 
Rana temporaria and Bufo vulgaris. 

In Rana I obtained the contraction of certain skeletal ‘cali 
described by Horton-Smith, on peripheral stimulation of a dorsal 
root, in 3 out of 12 cases. In each case the effect was obtained from 
the 8th dorsal root of one side only, the affected muscles being the 
semimembranosus and rectus internus minor. The contraction was 
unaffected by extirpation of the cord and of the ventral roots, but was 
abolished by pinching the dorsal root peripherally to the point of 
stimulation. The effect was obtained with weak faradisation (secondary 
coil at 24cm., 1 Daniell) and with mechanical stimuli. I have not 
obtained any trace of this effect in 10 experiments made upon Bufo. 

Neither in Rana nor in Bufo could I observe any viscero-motor 
effects on peripheral stimulation of the 6th, 7th, 8th, 9th and 10th 
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dorsal roots. The secondary coil was pushed up to 10cm. without any 
perceptible effect on the bladder or rectum: but as soon as some of the 
current was allowed to escape on to the bundle of ventral roots, as 
witnessed by twitching of the skeletal muscles, the bladder contracted 
sharply and slow contraction of both coats of the rectum appeared. 

In the rectum of the toad autoperistalsis was so vigorous in all | 
cases observed that it was impossible to be certain as to the presence — 
of small effects. Only in the case of the 9th ventral root was the 
response to stimulation unmistakable, a steady contraction of both 
muscular coats resulting, so that the viscus became much shortened 
while at the same time the lumen was nearly obliterated by circular 
constriction. 

Contractions of the bladder, on the other hand, were readily observed, 
the shrinking and rugosity caused: by intrinsic contraction being very 
easily distinguishable from movements of the whole organ caused by 
twitching of the levator ani. The origin of the motor fibres to the 
bladder of the toad was found to be identical with that observed by 
Horton-Smith in Rana temporaria—stimulation of the 7th, 9th and 
10th ventral roots causing contraction, while stimulation of the 8th was 
without effect on the bladder. The most marked effect was obtained 
from the 9th root, the feeblest stimulation of which caused contraction. 
In one case the mere lifting of this root to lay it upon the electrodes 
was regularly attended by obvious contraction of the bladder. This 
result differs from Steinach’s observation on the innervation of the 
bladder in Rana esculenta, not only in my failure to obtain any effect 
from the dorsal roots but in the arrangement of the outflow in the 
ventral roots. Steinach obtained contraction of the bladder on 
stimulating the 7th, 8th and 9th dorsal and ventral roots. 

I am indebted to Dr Langley for much kind assistance and advice. 
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NOTE ON THE PERCENTAGE COMPOSITION OF 
EGG-YOLK. By JOHN MALCOLM, MD., Assistant to 
the Professor of Physiology, University of Edinburgh. 


THE following paper deals with the percentages of nitrogen, fat, and 
phosphorus in egg-yolk. In connection with this, the first question 
which presented itself was—to what extent, as regards the above- 
mentioned substances, does the percentage composition agree, (a) in 
eggs laid by hens of the same breed under similar conditions of feeding, 
exercise, etc., (b) in eggs laid by individual hens on constant diet ? 

To arrive at a conclusion on this point, from analyses at present 
available, is a matter of difficulty, partly because the chief object of 
these analyses’ has been to observe the differences between the eggs of 
various breeds of fowls, and the effects of various kinds of food-stuffs 
upon their composition, partly because in no case, so far as I can find, 
has any account been taken of the amount of concentration of the yolk 
due to evaporation. 

Methods. The volume of the air-space was taken as being entirely 


due to evaporation: it was measured by allowing mercury to run into 


the space until full, two small holes having been previously bored in the 
shell over the position of the space. The egg was weighed before and 
after this procedure ; the difference divided by 13°59 gave the desired 
datum. The yolk was separated from the white first roughly by tearing 
through the chalaze and allowing the main mass of the white to flow 
away, then more completely by rolling it round the inside of a glass 
beaker which had been slightly moistened by the breath. 

The yolk was finally, while still unbroken, tipped over into a 
weighing glass containing a short bulbous pipette of 1—2c.c. capacity 
for abstraction of amounts suitable for analysis. 

The nitrogen and fat were estimated by the Kjeldahl and Soxhlet 
methods; the phosphorus by Neumann’s method’, which was found 


1 See “ Eggs and their Uses as Food” by C. F. Langworthy. Bul. 128, U. 8S. Dep. of 
Agriculture. 


2 Archiv f. [Anat. u.] Physiologie, 1900, 8. 159. 
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to be both rapid and accurate, as shown by double estimations. Satis- 
factory control results were also obtained for the majority of the other 
figures. The results are given in the tables, Table I. gives the actual 
amounts, and Table II. the percentages after correction for the air- 
space, while Table III. indicates the probable amount of lecithin. 
As to the eggs used, Nos. I. and II. were of unknown origin; III. 
to XII. were supplied from one farm where the predominant breed 
was said to be “ Rebhuhn-farbige Italidner,” fed on maize and barley ; 
Nos, XIII. to XV. were laid by one hen. on Aug. 2nd, 4th, and 
12th; Nos. XVI. to XVIII. by another hen, under similar conditions, 
on Aug. 13th, 14th, and 15th, respectively. 


I. (Actual weights in grms.). 


No. oaene Shell White Yolk Air-space Fat Nitrogen Phosphorus* 
I 52°169 5°49  80°457 16°220 O75e.c. 4556 0°517 0-244 
II §1°547 501 80°453 16°082 0°45 4-763 0°426 
Ill 610638 # £661 89-649 14°803 1°15 4279 0°398 0-231 
IV 52°603 5°87 31°315 15°418 1°80 4°582 0°422 0°242 
V 68°131 6°51 43-208 18°417 0-80 0°496 0°259 
VI 65°941 6°34 48°641 15°958 1°25 4°684 0°505 0°245 
VIL 656°471 6°03  38°454 16°990 0°95 4952 0°496 0-260 
 VITT 61718 19-369 1°80 5993 0°529 0311 
57°348 5°79  38°897 17654 2°15 0-473 
x 58°968 6°09 34°065 18-809 1°61 5698 0°542 0-282 
XI 60°805 6°43 85590 18°782 2°17 5°692 0°548 0°319 
XII 65 18°506 2°56 0°537 0°296 
XITT 59°323 552 384°334 19°968 1°65 0°524 0-284 
XIV 62010 574 #£=%85°556 20°701 2°10 6°701 0°542 0303 


* Reckoned as P,O,. 


_ The correction in Table II. was calculated thus:—the average 
water percentage of yolk was taken as 49°5, that of white as 86°4, 
and, assuming that the loss of water from yolk and from white was 
proportional to these, the actual loss from the yolk was found for each 
egg, and thus the ratio of fresh to concentrated substance obtained. 


a 
XVI 59-260 5°841 82990 20499 185 6299 0°576 0-309 4 
XVII 60840 6-220 34832 185 
XVIII 62:099 35°497 20375 «100 62890556 08110 
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Taste II. (Percentages corrected for air-space). 


No. Fat Nitrogen 
I 27°786 3004 1-489 
II 29°458 2-620 
111 28°501 2°648 1°356 
IV 28-662 "9-674 1°527 
Vv 31°887 2°676 1-396 
VI 28-956 3°128 1517 
VII 29°114 2°877 1°511 
‘VIII 30-080 2°674 1:569 
2605 
30°124 2822 1°471 
XI 29°565 2846 1-654 ‘ 
XII 2-762 1°543 
XIII 31-048 2°575 1°392 
XIV 31°575 2552 1-425 
XV 30°431 2-607 1°441 
XVI 30°120 2°754 1:477 
XVII 2-797 
XVIII 30°265 2°747 1:506 


Another point which was investigated was the relative amount 
of the “fat” obtained by extraction with ether and with chlorofurm, 
and the percentages of phosphorus in the same—these data being 
important as indicating the percentage of lecithin present. 


TaBLE III. (Percentages). 


28 $1°418 0°1408 0°2085 
VI 28°956 $1°423 0°2120 0°2419 
Vil 29°114 32°659 0°1884 0°1930 

Vill 80°080 83°100 0°1838 0°2036 


The figures in this table show the greater weight of the chloroform 
extract as compared with the ethereal, and also its greater amount of 
phosphorus; but the increased amount of the latter bears no constant 
ratio to the increase in the former, which probably means that the 
percentage of lecithin in egg-yolk varies considerably: the variations in 
the phosphorus °/, in the whole series (III.—XII.) point in the same 
direction. 


og 
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Summary. The percentages of proteid, fat, and phosphorus in the 
yolks of eggs from the same hen are in very close agreement, while 
there are very considerable differences in eggs from a number of hens, 
even where the prevailing breed is the same throughout. .There appear 
to be great variations in the percentage of lecithin. 

Of the analyses here given, the first twelve were carried out in the 
laboratory of Professor Zuntz, to whom I am indebted, not only for 
according me the hospitality of his laboratory, but for advice and 
assistance during the investigation. _The work was completed in the 
Physiological Laboratory of the University of Edinburgh. 
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THE SPINAL ROOTS AND DISSOCIATIVE ANZS- 
THESIA IN THE MONKEY. Br C. 8. SHERRINGTON, 
MA, M.D, F.RS. -Plate X. 


(From the Physiological Laboratory, University College Leopeol) 


CONTENTS. 


Introduction. 

Method of Observation. 

Experiments, A. on Trunk, B. on Limbs. 
Discussion of results. 
Conclusions. 


Explanation of Figures. 


For information regarding disturbances of ‘sensation the evidence 
obtainable from animals is gathered under obvious disadvantages. 
The first attempt at experimental discrimination of disturbance of 
the qualities of skin sensation in animals seems to have been Schiff’s' 
notable description of a dissociative paresthesia consequent on tran- 
section (i) of the dorsal columns of the spinal cord, (ii) of the whole cross 
area of the cord except the dorsal columns. The dissociation noted was 
that of “pam” from “touch.” There seems to ensue in limited areas a 
similar kind of dissociation after severance of dorsal spina! nerve-roots 
in monkey. 

In examining, in the macaque, the skin distribution of the sensory 
spinal roots I employed for the most part mechanical stimuli. A point 
of skin was touched or pinched lightly or more severely with fine forceps. 
In determining the delimitation of a root-field by the method of 
“remaining ssthesia” I confined myself to the simple issue of absence 
or presence of sensory response. Every response that seemed obviously 
sensory, no matter what the nature of the skin stimulus, was included ; 
the field delimited was termed simply the field of zesthesia or of response. 


1 Physiologie, Lahr, 1858: confirmed by Herzen, Arch. f. d. ges. Physiol. Bonn, 
1886, xxxvi11. 
2 Philos, Trans. 1892, 1897. London. 
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In the course of the observations I received the impression that 
some dissociation of skin sensations does occur in the isolation of the 
skin-fields of the roots. “In a skin-field where one root only remains, 
punctiform stimulation at the edge is less bound up with pain than that 
nearer the centre of the field.” “Mechanical stimuli are felt by the skin — 
with normal delicacy as ‘touches, while stimuli normally painful are 
felt merely as touches. This occurs at the edge of an isolated spinal 
root skin-field*.” “The overlapping is greater for touch nerves than for 
pain nerves*.” But the evidence I met in some individuals obtained 
little support from evidence in others. It became evident that only on 
particularly tame individuals could one hope for any reliable discrimi- 
‘nation between qualities of their skin sensation. If an animal were in 
an excited state it often happened that no degree of intensity of the 
stimuli evoked any outward sign whatsoever of sensation. On the other 
hand sometimes an animal seemed to be in a fretful condition, and | 
then to show signs of complaint and resentment easily interpretable as 
pain in response to any stimulus whether or not painful. The risk of 
confusion from these sources of error though never absent is much 
reduced by employing absolutely tame animals in good nutritive 
condition. Only individuals answering to this description have been 
employed in the following observations, which have taken some time 
to accumulate, mainly from the difficulty of finding such suitable 
material, | 

Method of observation. The defect in sensation produced by section 
of a single root was the condition set up most usually for examination. 
In detecting the defect it would be necessary to make such an exami- 
nation as might reveal dissociative paresthesia if that existed to any 
considerable degree. In a few instances only was the method of 
“remaining esthesia”~ adopted, as in the preceding delimitation of 
- the root-fields of zsthesia or response. 

General precautions adopted. The examination was conducted in a 
perfectly quiet room distant from other occupied rooms.. The room was 
always heated, generally to over 80° F.; the monkey was then more 
comfortable and quiet, inclined to repose rather than activity. The 
examination was made before feeding time, it being found that the 
animals seemed then more mentally alert. The animal was nursed 


1 Text-book of Physiology, edited by Schafer, Vol. u., Article ‘‘Common Sensation,” 
p- 997. 

2 Ibid. p. 979. 

* Physiol. Introduction to Vol. m1. Allchin’s Manual.of Medicine. 
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all through the examination in the arms of the attendant by whom he 
was daily fed and his cage cleansed. From time to time during the 
examination he received morsels of food, ¢.g. sugar or soft fruit. These 
he put in his cheek pouches and with them occupied himself. The 
animal was never allowed to see the application of a stimulus. The 


_ skin to be examined was always shaved completely. Each point of skin 


that replied to the kind of stimulus in question was marked with aniline 
colour at once without the eye being taken from it. It was usually 
necessary unless the sitting was to be a very brief one to break the 
monotony of the repetition of one kind of stimulus by variously introducing 
others. If monotonously applied a single kind of stimulus, of non- 
affective character, was found to cease to provoke obvious response ; 
sometimes the failure was very rapid. A very favourable condition 
of the animal was light dozing, with the eyelids nearly closed, basking 
in the arms of the attendant. An unexpected touch however light then 
would cause the eyes to be opened without other movement. The touch 
over the eyes would be closed again, and a renewed stimulus after a 
pause caused them to be reopened. Noises such as the closing of a 
distant door, a new footfall in the corridor, a street call, or a dog barking 
would render the examination difficult and untrustworthy for many 
minutes at a time. 

Tests for touch. The iellowing: was found an excellent method for 
touch. The skin at some point known to be fully sentient was touched 
with a thermo-electric wire point sufficiently heated to be clearly 
unpleasant. The response was of course sharp; the part or the point — 
was in a moment snatched away. The lightest touch then applied 
when the animal had settled down again evoked obvious attentive 
response. It was evidently expected that the new touch might, like 
the preceding, be dolorific. That expectation ‘usually produced a 
condition of obvious response to each of a short series of even the 
lightest succeeding touches. 

It was also useful to vary the touches, making some by a a wire, 
and others with a wet camel’s hair brush. 

For analgesia a method of examination found to be good was as 
follows. A fine wire (platinum) bent sharply to a V-shape was mounted 
on an electro-cautery handle and connected with a couple of accumulator 
cells. The wire could be heated in 5” at any desired moment by 
closing a silent screw-key within reach. With this instrument tactual 
sensitivity was examined by lightly resting the minute but not sharp 
point of the V on the skin. The animal would notice the touch. The 
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wire was not then removed; it was on the contrary allowed to remain 
resting on the skin and the animal would generally soon cease to take 
further notice of it, its attention wandering elsewhere. At a suitable 
moment the concealed key was noiselessly closed. The thermo-electric 
wire then became warm and hot. If the skin thus stimulated were of 
some normal part the animal then snatched the limb away or snatched 
at the wire. In some areas of skin examined in the experiments 
although the first contact of the wire—the touch—evoked a response 
and drew the creature’s attention, the application of the heat either 
provoked a second response merely inexpressive of any affective tone 
and as neutral as the former response or it provoked no response 
whatever. This was considered evidence of defect of algesia. This 
was the test most west employed for detecting hypalgesia and 
analgesia. 

Another test for algesia, isle for thermio-ssthesta, was a dark- 
test. It was designed to discriminate between tactual sensation and 
algesia, by applying a stimulus suitable for the latter yet without any 
mechanical excitation. It was however difficult to localise minutely 
in its action, and was therefore only suitable where the area to be 
tested was at least a centimeter or more in width. Radiation from 
a strong source, e.g. arc lamp, was collected through a thin walled hollow 
glass lens filled with carbon bisulphide containing iodine sufficient to 
render it opaque to light. The spot of skin to be examined was 
brought to the place of focus of the heat rays invisibly collected by the 
lens. A moveable wooden shutter intervened between lens and skin 
protecting the latter from the invisible beam for as long as desired. 
When the heat-beam fell upon normal skin the animal’s attention was 
called to the spot usually in less than a couple of seconds. In the case 
of some of the skin areas examined the action of the beam attracted 
the attention of the animal not at all, although the injury done to the 
skin was subsequently found to have been great, causing immediate dis- 
coloration and severe after-effects locally. An outcome of this test was 
further that in some of the experimental areas where tactual stimuli 
provoked indubitable sensory response the heat-beam not only failed 
to evoke any sign of algesia but also failed to evoke any sign. what- 
soever of sensation, thus indicating that heat sensation was also 
defective or wanting.. The advantage of the invisibility of the beam 
was that there was no other sign than the sensation evoked by the heat 
which could attract the animal's attention to the part excited. 

Another mode of testing algesia was to pinch a point of skin with 
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fine-pointed forceps. This can be done with more minute localisation 
in most regions than can pricking, the latter causing a more widely 
spread deformation of the surface. Faradism by the unipolar method 
was also employed but not found so useful as the above-mentioned 
tests. 

For cold stimuli the ends of small test-tubes containing ice or 
of copper rods cooled with ice were used: a fine camel’s hair brush with 
ice-cold water was also used. | : 


EXPERIMENTS. The operative procedure was in every case entirely _ 
conducted under deep anesthesia, obtained by ether and chloroform mixture. 


A. Trunk. 


I. Macacus rhesus. 2. vii. 97. In the lower thoracic region one right 
and one left spinal root divided: these found by autopsy 30. ix. 97, to be 8th 
and 9th thoracic respectively. Skin examinations commenced 12th July. 

In the post-axillary vertical line of the left side above the last rib a narrow 
area about 5 millimeters wide gave very poor evidence of algesia: the wire 
point when warmed seemed felt as a second touch. The band of skin seemed 
analgesic to pinching. The band sloped downward ventrally. The area was 
not demonstrably a band of analgesia for it was interrupted by places which 
were algesic. On the right side somewhat further headward a narrower less 
well-defined patch was demonstrable. These patches were examined in many 
repeated examinations. The existence of touch was proved throughout them, 
although dull in places: the defect of reactions indicating pain amounted to 
analgesia in many places, and in others to deep hypalgesia. The limits of 
the patches seemed to fluctuate somewhat from day to day, but there was no 
substantial constant difference in either of them from the end of the first 
fortnight to the end of the fourth month, when the animal was sacrificed. 


II. Calothrix. 9. x. 97. Two thoracic roots cut: found at autopsy 
(29. i. 98) to be 7th right and 10th left. Skin examinations begun 17. x. 97. 
On the right side no defect of sensation anywhere discovered. On the left 
equivocal signs of hypalgesia on several occasions observed near the tip of the 
last rib—but no absolute analgesia ever ascertained with certainty. Touch 
blunted slightly perhaps in same area. Autopsy proved both roots to have 
been completely severed. 


III. Macacus cynocephalus. 27. viii. 99. In lower thoracic region one 
right and one left root severed: found by autopsy 23. x. 00, to be 10th right 
and 11th left. Skin examinations commenced 3. ix. 00. On right side no 
_ abnormality was ever clearly detected anywhere. On left side a band-like 
patch of distinct hypalgesia was discoverable below the last rib. (Plate X. 
Fig. 1.) In the patch touches were everywhere felt—though it was not clear 
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that they were felt in normal degree. In places the patch was absolutely 
analgesic, and it was everywhere hypalgesic. The patch extended—but in a. 
broken manner—toward the mid ventral line, which it could never be shown 
to reach. It seemed on many occasions clear that it did not reach to the 
mid-line of the dorsum. When the animal was killed thirteen months later 
thé patch was still existent and of about the same size as a year previously, 
The root had been cut—as was also seen at autopsy—proximal to the root 
ganglion. 

IV. Calothrix. 10. v. 1900. One thoracic root, right side, cut: found — 
by autopsy 2. ii. 01, to be 10th thoracic. Skin examinations commenced 
16. v. 1900. Below the tip of the last rib of right side was found an area— 
almost transverse but sloping downward and forward—about 7 mill. wide, in 
which contact sensation (touch) though distinctly blunted at middle of band 
was present but algesia was deficient throughout. In this area painful 
pinching with forceps caused no sign of algesia, neither did the thermo-electric 
wire. When lightly touched with the thermal wire elsewhere the animal at 
once struggled and fought ; but the wire applied to the band-like patch caused 
no more reaction than an ordinary contact. When the point of the wire at 
room temperature was laid on the patch the animal, usually drowsy from the 
monotony of the examination, would open his eyelids for a moment and close 
them again while the wire still rested on the skin; the wire being at few 
seconds later heated with the current the animal would at some moment as 
the wire grew hot open its eyes again for a moment as before and close them 
again, but would express no further interest in the matter although the wire 
continued to grow hotter even to the obvious injury of vhe point of skin to 
which it was applied and of a continuously enlarging little skin area round 
about. Sometimes the heating of the wire-point did not appear to evoke a 
trace of any sensation whatsoever. 


V. Macacus rhesus. 6. x. 95. Two roots divided in sacral region— 
found by autopsy 20. xii. 95 to be 8th post-thoracic on right side, 9th post- 
thoracic on left. Skin examination 7. x. revealed on right side a triangular 
area close below ischial callosity in which hypalgesia was marked. The base 
of the triangle lay close to the callosity, the apex extended about one-quarter 
down the back of the thigh. Within this area the hypalgesia amounted in 
places. to analgesia, especially in the parts not far from the callosity. On the 
left side close to and partly occupying the root of the tail a small rectangular 
patch of hypalgesia was found amounting to analgesia near its posterior edge. 
The edge was nowhere quite abrupt in these patches, and over the whole of 
the patches evidence was forthcoming that touches were perceptible, although 
in the middle of the patches the touches seemed to evoke only feeble reactions, 
as if blunted. At the end of one week both patches seemed smaller than 
when first delimited, but from that time onward until the animal was 
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sacrificed there seemed little change in the patches; both persisted as areas 
of hypalgesia amounting in parts to analgesia, but yet reacting to touch. 

VI. Macacus cynocephalus. ix. 99. In the upper thoracic region a root 
severed on the right side. Autopsy v. 900, showed this to be the 4th thoracic. 
Skin in vertical line of the nipple was repeatedly examined at various levels 
including the mammillary. No clear evidence of defect of sentience was 
found. The reactions from the right and left sides were compared, and on 
some occasions those of the right side were thought the more acute. No 
analgesia wus ever proved, nor was there any unequivocal evidence of 
hypalgesia. The nipple itself -— the — all round it remained sentient to 
touch. 


B. Limbs. 


VII. Calothrix. ix. 99. In the brachial region one dorsal’root of right 
side severed: found by autopsy ii. 900, to be root of 1st thoracic nerve. In. 
repeated examinations of the skin of the right and left arms no defect of 
sentiency was discovered for right fingers, hand, or wrist, nor upper arm. 
On the right forearm there was found an oblong patch (Fig. 2, Plate X) of 
deep hypalgesia amounting in places to absolute analgesia. The size and 
position of the patch are shown in the photogram, and there the extent is 
seen at its maximum. The extent seemed to fluctuate somewhat from day 
to day. When smaller than usual the curtailment was chiefly at expense of 
the upper ulnar peak of the forked border lying toward the elbow. A few 
millimeters within the edge of the patch the dark heat-test gave no sign of 
sensation, even when pushed to extreme. It seems therefore that the patch 
was thermanesthetic as well as analgesic, for it often gave no reaction whatever to 
the thermal stimulus. Evidence of touch was easily obtained from it except 
near its central part where touch reaction was evidently imperfect. The 
heating of the wire already applied (as described — often gave a reaction 
as if from a second ‘ touch,’ 

VIII. Macacus linens, ix. 1900. Two dorsal roots severed in the 
brachial region ; autopsy, 19. i. 901, revealed roots to be left 8th cervical 
and right lst thoracic. Skin examinations commenced day after operation. 
No loss of any kind of sensation detected in either hand. Fingers of each 
hand clearly sensitive all over to tangible, ‘to thermal, and to algesiometric 
stimuli, On the left limb no unequivocal signs of impairment of sensation 
anywhere discovered. On the right limb no unequivocal evidence of 
impairment in wrist or upper arm, but on the forearm a restricted area 
sentient for touch but markedly hypalgesic and in many places absolutely 
analgesic. Examinations repeatedly undertaken confirmed always the co- 
existence of tactual sensitivity with analgesia in many parts of this patch: 
it was sentient to touch everywhere, although the touch reactions were poor 
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in parts of the patch, especially towards its centre. The extent of the patch 
varied very little from sitting to sitting, except in regard to the upper 
spur-like extension on the ulnar side. Thus on Nov. 14th this could not be 
demonstrated to be hypalgesic, but on Nov. 28th it was deeply hypalgesic : 
again on Dec. 4th the spur was hardly demonstrable. The photogram shows 
the patch when the spur was demonstrable. The similarity between this 
patch and that found previously in a Calothrix (Exp. vil.) was strikingly 
close. It confused me however at the time because I had not supposed the 
root cut on the right side to be the Ist thoracic, as it proved to be at the 
autopsy. As with the Calothrix the dark heat-test elicited no evidence of 
sensory reaction. Also as with the Calothrix the thermo-electric wire-point 
usually elicited a response when first applied (at room temperature), and then 
when heated a second response seemingly as unfraught with affective tone - 
as the first—a second “touch”—or elicited no evidence whatever of algesia 
even when its stimulation was extreme. From the left arm no unequivocal 
evidence of loss of sensitivity was at any time obtained. | 


IX. Macacus cynocephalus. ii. 901. In the brachial region one right 
and one left dorsal root severed: these believed at time of operation to be 
6th and 8th cervical but found at autopsy 4. x. 901 to be 5th left and 7th 
right cervical roots respectively. Whole of both hands examined exhaustively 
on many occasions failed to allow detection of any loss of sensitivity of any 
kind. The upper arms, more difficult to examine, also yielded no clear 
evidence of loss of sensation. It was especially noted that round each upper 
arm close below the shoulder and again close above the elbow a ring of 
closely set skin points could be demonstrated as being to all appearance fully 

X. Calothrix. xii. 99, Six dorsal roots cut on the left side, three above 
and three below a root (proved at autopsy iii. 1901 to be the Ist thoracic) 
the fellow to which on the right side was cut. On right side the analgesic patch 
on forearm described in Expts. vii. and vit. was observed and delimited. It 
extended somewhat further down the forearm than in the other two instances, 
but was hardly larger than in them because it fell further-short of the elbow 
joint. Its shape resembled that found in the other experiments. In the left 
limb numerous examinations indicated that the thumb was sentient of touch 
but not of pain, and that its sentiency to touch was blunted. The index 
finger on its radial aspect was analgesic in the proximal phalanx and beyond 
that down to the tip was hypalgesic. The middle finger on its radial side 
was slightly hypalgesic. Index and medius were both sentient to touch. The 
little and ring fingers and the ulnar side of the medius did not appear in the 
least hypalgesic. The skin over the radial side of the wrist and forearm was 
anzsthetic completely: as also was the axillary aspect of the upper arm. 


_ The left nipple was sentient to touch: it was further certainly not analgesic, 
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perhaps not hypalgesic. Above the nipple a strip of anesthesia passed 
horizontally across the pectoral muscle. Both in the forearm, arm, and chest the 
field of anwsthesia was edged by a zone in which the skin though sentient 
to touch was deeply hypalgesic. : 

XI. Calothrix. ii. 99. In the lower lumbar region two dorsal roots, 
one right and one left, cut: these found by autopsy, vil. 99, to the 5th left 
and 6th right post-thoracic. Both knee-jerks remained good. No loss of 
skin sensation was anywhere detected despite repeated examinations. Brisk 
_ reactions were evoked by tactual and algesic stimuli when applied to tips of the 
digits, outer or inner edges of plantz, heels, back of either calf and back of 
thighs. The whole of the feet and digits were repeatedly examined with 
punctiform stimuli and no loss of sensitivity detected. The skin of the left 
shin was several times suspected to be hypalgesic as compared with right, but 
the evidence was often dubious. eee 

XII. Calothriz. iv. 98. In the sacral region one dorsal root severed : 
this found by autopsy xii. 98, to be the left VII post-thoracic (= 1st sacral of 
man). The skin of the foot was repeatedly examined. The digits everywhere 
and the planta everywhere seemed well sentient to touch and temperature 
and dolorific stimuli. The examination of the skin elsewhere was not so 
thorough, but no loss of sensitivity was anywhere demonstrated though there 
was often a question as to hypalgesia in the popliteal space. 


In certain of the above experiments analgesia or marked hypalgesia 
(with loss of heat-sensation) ensued in a limited area of skin upon 
severance of a single root. The roots for which this was demonstrated 
_ (Group A) were in the trunk the 8th, 9th, 10th (in two individuals), 
and 11th thoracic respectively and the 9th post-thoracic (8rd sacral 
of man); in the limbs the Ist thoracic (in three individuals) and the 
8th post-thoracic (2nd sacral of man). On the other hand in the 
ease of certain roots the experiments failed (Group B) to demon- 
strate any such patch after section of the single root; these roots were 
in the trunk the 4th, 7th and (in one individual) 10th thoracic; in the 
limbs the 8th cervical, 7th cervical and the 5th and 6th post thoracic. 
In two experiments (on 5th cervical and 7th post thoracic) the results 
left me altogether dubious. Experiments Group B may from the 
present point of view be considered negative in result. It has seemed 
right to include them in the record given. But such negative evidence 
has not the value of positive nor is it of equal value from all skin 
regions. Certain regions are much more satisfactorily investigated 
in these animals than are others. Among the least unsatisfactory 
regions are the fingers, toes, palmar aspect of hand, plantar of foot, 
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and the nipple: among the most unsatisfactory are the axiliary 
aspect of chest and arm, the fold of the groin and the popliteal 
fold. -In unsatisfactory regions a defect of sensation might have 
existed and yet have in my belief possibly escaped detection in 
the examinations. The noteworthy part’ therefore of the negative 
evidence is this, that although severance of a single nerve-root does in 
certain regions produce a patch of analgesia, the severance singly of 
any one of the three sensory roots which together innervate the skin of 
the hand failed to render any part of the hand analgesic ; and similarly 
that the single severance of any one of the three roots irinervating the 
skin of the foot failed to render analgesic any part of that skin. | | 

With regard to the experiments Group A they may from the present 
point of view be regarded as positive in result. They indicate that 
severance of certain single roots renders certain patches of skin analgesic, 
though not tactually anesthetic. It is instructive to compare the extent 
and situation of the patch of analgesia consequent in Mac. rhesus on 
severance of the 1st thoracic root with the skin-field delimited for 
that root in the same species. The patch is seen to be equal in area 
to somewhat less than a sixth of the whole root-field and to lie about 
the middle of it, i.e. to lie about midway between the borders which 
were argued in my paper to be the anterior and posterior borders of the 
first thoracic field in Macacus. Its place is that which would be left 
insentient were what was argued in my scheme to be the anterior border — 
of the 2nd thoracic field not to reach what was argued to be the posterior 
border of the 8th cervical. The radial edge of the analgesic patch comes 
just to where in my work was traced the “ ventral axial line of the limb.” 
On the extensor aspect of the limb the other lateral edge of the analgesic 
patch roughly though less well agrees with the position I accorded to 
the “dorsal axial line of the limb” in that region. The patch therefore 
according to my scheme forms a semi-zonal band half encircling the 
limb as it should if due to a want of complete approximation of the 
anterior border of the pain-field of the 2nd thoracic to the posterior of 
the 8th cervical. But the patch though analgesic was not tactually 
anzsthetic—though with in part blunted tactual sense. Therefore if 
skin-pain and touch be in the nerve-roots subserved each by a separate 
set of nerve-fibres we must conclude that in this region the area of 
terminal distribution of the former set of fibres is less wide than is that 
of the latter. In this skin-region of Macacus, in other words the overlap 
of the 2nd and Ist thoracic root-fields and of the Ist thoracic and 
8th cervical root-fields, is less for pain than for touch. 
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To those unwilling to assume separate sets of nerve-fibres for ‘skin-pain’ 
and for touch the analgesic fringe of a tactual root-field is perhaps explicable 
by the simple reduction of the number of sensifacient channels. That 
reduction might conceivably be so great in the fringe as to make it impossible 
there to evoke that full intensity of sensation perhaps necessary for develop- 


ment of marked affective tone. In my own view the evidence is in favour of 


the existence of a separate’ set. of nerve-fibres that may be termed “ pain- 
fibres,” because particularly prone to evoke sensations fraught with dis- 
agreeable affective tone. But discussion of that question is not necesary 


to the point now raised. 


If different skin-regions are compared the extent of overlap of the 
pain-fields of the roots seems to be unequal. This seems shown by 
comparison one with another of the results of experiments Group A 
and B respectively. In Macacus, just as with its “fields of zesthesia,” so 
with its pain-fields their overlapping seems greater in the hand and foot 
than in some other regions, e.g. in the lower part of the trunk, the © 
upper fore-arm, the thigh. 

It would be interesting to inquire—though of course to inquire it 
from animals is futile—what is the character of the sensation evoked 
when the electric wire already in contact with the paresthetic skin is 
heated and then, as several times mentioned above, evokes a second 
response, apparently void of affective tone. Does this application of 
heat evoke a second “touch” from the nerve-fibres specific for so called 
“touch proper?” I have used the term “touch” in recording the 
phenomenon in my note-book, and that term reappears in the text here. 
I would however expressly disclaim all intention to urge in that way 
that the quality of the sensation was truly tactual. All I could infer 
regarding its character was its negativity in respect to affective tone. 
To know more of its character is urgently desirable. But the information 
is only obtainable from examination of the human subject. 


Conclusions drawn are then the following) 

(i) The disturbance of skin sensation produced in Macacus by 
severance of spinal roots is to some extent a dissociative one. 

(ii) In Macacus the distinction of a single sensory spinal root, at 
least in the case of certain spinal nerves, entails in a limited skin-area, 
much smaller than the total skin-field of the root, an abolition of heat- 
sensitivity and of pain-sensitivity without abolition but with some 


concomitant impairment of tactual sensitivity. 


(iii) In the skin of Macacus the “pain-” field and the “heat-” 
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field of a single sensory spinal root, at least in the case of certain 
spinal nerves, are each less extensive than is the “touch-” field of the " 

(iv) With the “heat-” fields and “pain-” fields of the roots the 
extent of overlap is greater in some skin regions than in others, e.g. in 
the hand and foot than in parts of the fore-arm, thigh, and trunk. — 


I recognise that the problem here attempted has been one im- 
perfectly accessible by inquiry upon animals. It awaits fuller solution 
in the opportunities afforded by human disease where the attention — 
of an instructed human subject can be enlisted and interrogated 
verbally. 


EXPLANATION OF FIGURES. 


X. 


Fig. 1. Photogram of patch of analgesia after section of left 11th thoracic 
root of Macacus cynocephalus (Exp. 111.). Patch shown bounded by sloping 
lines almost parallel ; the space between them-is in part painted dark. The 
vertical rows of dots indicate a number of the points that had been tested 
during the sitting at which the photogram was taken. 

Fig. 2. Patch of analgesia and loss of heat sensation obtained in a 
Calothrix (Exp. vi.) and a Rhesus (Exp. viii.) respectively. The analgesia 
was perhaps not absolute at the extreme margin of this patch as marked, but 
amounted only to deep hypalgesia. Except near the margin the analgesia 
seemed absolute. A similar patch differing only in being a little lower down 
the fore-arm was found in a second Calothrix (Exp. x.). In all three 
instances the patch ensued on severance of the Ist thoracic root. 
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AN EXPERIMENTAL RESEARCH INTO THE RELA- 
TIONS OF THE POSTERIOR LONGITUDINAL 
BUNDLE AND DEITERS’ NUCLEUS’. By E. H. 
FRASER, M.D., Heriot Research Fellow, Edinburgh sic 
_ (Thirty-six Figures in Text.) 


THE work of which an account is given in the following paper 
was carried out in the laboratory of the Physiology Department of | 
Edinburgh University. The object of the research was to try to clear 
up some disputed points with regard to the posterior longitudinal 
bundle and Deiters’ nucleus. 

Much work has already been done with reference to this bundle, 
and very different views have been expressed with relation to the 
source, destination, and functions of its component fibres. It has 
been described as merely commissural between different motor nuclei, 
from the anterior horn cells in the spinal cord to the ocular nuclei 

. (Obersteiner™, Schwalbe™); as sensory in function, conveying 
_ afferent fibres from the cord to the ocular and hypoglossal nuclei 
(Kolliker™, Tschermak ™); and as a motor strand conveying impulses 
from higher to lower levels (van Gehuchten™™, Held™). Ramon y 
Cajal™ has described fibres running to it from Deiters’ and from 
various sensory nuclei of the medulla oblongata. 
With these general statements in regard to this bundle we will 
_ pass to an examination of the material prepared during this research, 
the views of other observers being considered in the discussion cf the 

results obtained. 

h (1) Operative methods and preparation of material. The experi-— 
Be ments herein described consisted in the establishment of a circumscribed 
lesion, either in the posterior longitudinal bundle itself, or in Deiters’ 

nucleus, and the examination of the resulting degenerations. The 
operative procedure was the same in all the experiments. In each case 


1 This paper formed part of a thesis for the degree of M.D. for which a gold medal was 
awarded. A preliminary account of the work ‘is given in the Proc. Physiol. Soc. July 1901. 
Journ. Physiol, xxvu. 
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the animal was fully under the influence of ether during the operation. 
The skin surrounding the region to be operated on was shaved and 
carefully cleansed by repeated applications of carbolic lotion (1 to 20), 
all instruments and the wool used for swabs being sterilised by boiling. 
The skin incision was made from about the middle of the occipital bone 
down to the level of the 3rd or 4th cervical spinous process, the neck 
muscles were displaced laterally and a complete view thus obtained of 
the posterior occipito-atlantal ligament. At this stage of the operation 
sterilised (boiled) water was substituted for the carbolic lotion; the 
ligament was then divided and cut away from its occipital attach- 
ments. By putting slight traction on the head and flexing it fully a 
satisfactory view of the floor of the fourth ventricle could be obtained 
without removing any of the occipital bone. The lesion was produced 
by the application of a pointed galvano-cautery, either close to the 
middle line (if the object were to divide the posterior longitudinal 
bundle), or to the lateral part of the floor of the ventricle about the 
level of the auditory strie (if Deiters’ nucleus were aimed at). The 
wound was then closed and in every case healed by first intention, no 
septic trouble of any sort being met with. A period varying from 
14 to 30 days was allowed to elapse after the operation and the animal 
was then killed by an overdose of chloroform, the brain and spinal cord 
at once removed and prepared for examination by Marchi’s method. 
Certain modifications of this method were tried, viz. those of Vassale™ 
and of Orr™, neither of which was found to present any special 
advantage over the original plan of Marchi; in addition another 
modification was occasionally used. This consisted in substituting 
5°/, formol for the Miiller’s fluid used in the first stage of the 
preparation of the tissues. It was found that after brain and spinal 
cord had been 5 days in this they were so far hardened that the very 
thin slices necessary to ensure the proper penetration of Marchi’s fluid 
could easily be cut,.a point of practical difficulty in the case of tissues 
still quite soft after 10 days in Miiller’s fluid. Formol does not in 
any way interfere with the reaction of degenerated fibres to the osmic 
acid solution, but care must be taken to wash the tissues thoroughly in 
order to remove all traces of formol before placing them in Marchi’s 
fluid, since otherwise reduction of the osmic acid occurs, On the com- 
pletion of the hardening and staining process the material was passed 
through alcohol of gradually increasing strength, and then through xylol 
into paraffin, in which the various segments were embedded and cut. 
The region of the lesion was, in some cases, not submitted to the 
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Marchi method of staining, but merely hardened in formol and 
embedded, the resulting serial sections being stained with boluicin blue 
after the method recommended by Mann. 

(2) Haamination of material. The experiments were found to fall 
into three main groups according to the position of the lesion; these 
were as follows: 

(A) Those cases in which the posterior longitudinal bundle was 
divided by the lesion. The results of this varied in an interesting 
manner according to the level at which the bundle was cut. 

(B) Those in which Deiters’ nucleus had been destroyed by the 
lesion. 

, (C) Not the least interesting group is that formed by those cases : 

in which the lesion had fallen in the lateral part of the ventricular 
floor on the inner (mesial) side of Deiters’ nucleus, so dividing certain 
strands emerging from this nucleus. 

Passing to the detailed examination of these groups, group A is 
found to consist of 5 animals, 2 monkeys and 3 cats. Monkey A’ 
recovered quickly from the effects of the operation, so that even on the 
second day there was little abnormal to note. It presented none of the 
eye changes observed in some of the other cases; there was no motor 
paralysis, nor could any sensory changes be made out after repeated 
examinations. This animal was killed 28 days after the operation. 
The lesion appears in the upper part of the medulla oblongata (Fig. 1) 


as a sharply defined area of granular débris lying to the right of the | 
middle line, but dipping below the floor of the ventricle as it is traced 
forwards, so that in the anterior part it comes to lie in the lower part of 
the pons, where it appears as a rounded area about 2 mm.’ below the 
level of the floor (Fig. 2). This position of the lesion is noteworthy, 
since it has done more than merely divide the right posterior longi- 
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tudinal bundle in the medulla oblongata; it has also injured the deep © 
fibres entering the left bundle from Deiters’ nucleus of the right side, 
such as are described by Ramon y Cajal™ sweeping across ventral to 
the sixth nucleus. In the lower part of the bulb both posterior 
longitudinal bundles are markedly degenerated, the right one especially 
so; there is also some degeneration in the formatio reticularis of the 
right side lateral to the bundle. A slight injury to the posterior 
column nuclei accounts for some degenerated arcuate fibres sweeping 
across to the fillet of the mght side (Fig. 3). At the level of the 
decussation of the pyramids the longitudinal bundles appear as two 
blackened strands bordering the space occupied by the crossing 
pyramidal fibres, and intervening between these and the grey matter 
forming the anterior cornua. The degenerated fibres still predominate 
on the right side; much fine degeneration appears in the grey matter 
here (Fig. 4). In the first cervical segment the difference between the 
two degenerated strands is more marked on the left side, the altered 
fibres are almost confined to the side of the anterior median fissure, 
while on the right side they spread ventrally round the anterior horn. 
Here also much fine degeneration is traceable to the anterior horns, 
especially on the nght side. This description also applies to segments — 
taken from the middle of the cervical region (Fig. 5). In the mid-dorsal 
region a curious*change in fhe distribution of the degeneration occurs. 
It is here much more spread out through the antero-lateral columns 
and is practically equal in amount on the two sides, this equality being 
apparently due to the ending in the cervical region of some of the 
degenerated fibres on the right side (Fig. 6). In the mid-lumbar cord 
the degeneration again becomes more compact and forms two narrow 
strands extending from the bottom of the anterior median fissure round 
the periphery. of the cord; this position it maintains, although diminished 
in amount, throughout the lumbar cord (Fig. 7). 

In the parts anterior to the level of the lesion the degenerative 
_ changes are much less marked. In the upper parts of the pons altered 
fibres appear in the ventral and lateral part of the left posterior longi- 
tudinal bundle, none in that of the right side (Fig. 8). In the region of 
the posterior corpora quadrigemina the same appearances are seen, the 
nucleus of the fourth nerve contains many fine degenerated fibres on 
the left side; there is no degeneration in the nerve trunk itself (Fig. 9). 
In the anterior quadrigeminal region the amount of degeneration in 
the left posterior longitudinal bundle is less than below, but many 
fibres can be traced to the third nucleus, amongst the cells of which 
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they ramify in all directions. At the level of the emergence of the — 
third nerve the amount of degeneration in the left bundle is still further 


reduced ; the nerve trunk itself is quite unaltered (Fig. 10). Anterior 
to this there is still a faint trace of degeneration, this appears to end 
about the place where the aqueduct opens out into the third ventricle, 
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that is to say about the level of Darkschewitsch’s nucleus. In all this 
series of sections the degeneration of the right fillet is well seen, and 


Fic.9 


its fibres can be traced sweeping upwards and outwards to end in 
relation to the optic thalamus. 

To compare the results obtained in monkey A? (in which an attempt 
was made to perform a similar operation):—For three days after the 
operation the animal showed marked nystagmus; this could be brought 
- out until the end of the first week when the eyes were directed obliquely 
at an object. There was nothing else abnormal to note. The animal 
was killed 25 days after the operation. The lesion was found to lie in 
the lower part of the pons, that is to say at a higher level than in the 
former case. It occupies a mesially situated sharply defined area, 
wedgeshaped on transverse section, passing deeper on the left than on 
the right side. The left posterior longitudina! bundle was completely 
divided, the right bundle somewhat less injured; the nucleus of the 
sixth nerve was also damaged on the left side. The lesion lies at the 
level of Deiters’ nucleus, the characteristic large cells of which appear 
in many of the sections through it (Fig. 11). The descending degene- 
ration in the medulla oblongata and spinal cord is almost identical with 
that met with in monkey A’, except that in the case of the bulb and 
cervical cord it is slightly better marked on the left than on the right 
side (Figs. 12—15). The ascending degeneration in the parts anterior 
to the lesion is, however, different from that noted in the former case. 
In the pons above the lesion there is profound and symmetrical 
degeneration of both posterior longitudinal bundles, particularly of 
their more mesial and ventral fibres; a few degenerated fibres are also 
seen in the fillet, due apparently to a superficial injury of the posterior 
column nuclei (Fig. 16). In the region of the posterior corpora 
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quadrigemina the appearances are similar, with the addition of a few 
degenerated fibres in the formatio reticularis ventral to the left posterior 
longitudinal bundle. In the anterior part of this region the fourth 
nuclei are seen to contain many fine degenerated fibres (Fig. 17). 
The anterior quadrigeminal region was in this case stained by Nissl’s 
method, with the object of ascertaining whether the cells of the third 
nucleus would show chromatolysis as the result of dividing the posterior 
longitudinal bundles. There is strikingly little change although perhaps 
a few cells are stained more faintly than normal. In the anterior part 
of this region (stained by Marchi’s method) the great diminution in the — 
amount of degeneration in the posterior longitudinal bundles is again — 
very obvious (Fig. 18). At the level of the opening of the aqueduct 
into the third ventricle two small strands of degenerated fibres can still 
be traced lying lateral to the commencement of the ventricle; these 
become lost in sections at a higher level. 

Cat A?,as the result of a similar operation, showed marked cerebellar 
symptoms, viz. constant rotatory movements to the right side, as well as 
nystagmus. These symptoms soon passed off, so that on the fifth day . 
the nystagmus had disappeared and the animal was able to balance 
and walk fairly well. It was killed 16 days after the operation. The 
lesion was found in the anterior part of the floor of. the fourth ventricle, 
in the region of the genu facialis. It is superficial in character but 
widespread laterally, so that both facial bundles are injured where they 
approach the ventricular floor. Both posterior longitudinal bundles 
are divided also. The inferior vermiform process of the cerebellum 
has been touched by the cautery and slightly injured, this probably 
accounting for the cerebellar symptoms noted above. The descending 
degeneration resulting from this lesion is very similar to that described 
in monkeys A* and A*. Both posterior longitudinal bundles are 
affected in the medulla oblongata, and the antero-lateral columns of the 
cord show degeneration in the same position as in the former cases, but 
somewhat less in amount. The fibres entering the anterior cornua are 
well seen in the cervical and lumbar regions. There is in this case, 
as in monkey A’, a marked ascending change affecting both posterior 
longitudinal bundles. This is well seen in the upper part of the pons, 
where again the more mesial parts of the bundles are affected. In the 
region of the posterior corpora quadrigemina the close relation of the 
bundles to the fourth nuclei is well brought, out; while at a slightly 
higher level the large cell masses of the third nuclei are seen thickly 
dotted with fine degeneration. The third and fourth nerve trunks 
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themselves are perfectly normal. The degeneration rapidly dies away 
above this level, though many fibres pass on to the region of 
Darkschewitsch’s nucleus and some appear to go even further, leading 
upwards and outwards towards the optic thalamus. 

In cat A* the cautery was applied to the lower part of the floor of 


_ the fourth ventricle. There was no nystagmus in this case. The 


animal was killed 14 days after the operation. The lesion was found 
in the medulla oblongata as an oval area of granular débris extending 
for about 2 mm. below the ventricular floor; both posterior longitudinal 
bundles being divided. There is also some accidental involvement of 


‘the posterior column nuclei. The descending degeneration in this case 
_ is similar to that already described. In the medulla oblongata both 


posterior longitudinal bundles are greatly altered. In the cervical 
region of the spinal cord there is marked degeneration along both sides 
of the anterior median fissure, and on the right side this spreads out 
laterally round the periphery of the cord; many fibres are seen passing 
in to the grey matter here. In the dorsal and lumbar regions the 
previous descriptions again apply. Ascending degeneration is con- 
spicuously absent in this case, except in the fillet as the result of the 
damage to the nucleus gracilis and nucleus cuneatus noted above. 
Hardly a dozen degenerated fibres appear in the posterior longitudinal 
bundles in the pons and above this level the bundles are normal. The 
condition is similar to that in monkey A’ but more marked, as it is not 
complicated by any tunnelling of the lesion into the pons as in that case. 

' Cat A* Here a slightly different lesion was produced, the cautery 
having been applied somewhat lower and the injury having been 
restricted to the right side. The animal appeared quite normal after 
the operation and so remained until it was killed 16 days later. On 
localising the lesion it is found as a small wedge-shaped area just 
external to the middle line in the lower part of the floor of the fourth 
ventricle. It has cut the posterior longitudinal bundle of the right 
side, where this lies subjacent to the twelfth nucleus, which is’ of course 
destroyed. Fine degenerated fibres can be traced across the middle 
line to the opposite hypoglossal nucleus at this level. In the lower 
parts of the medulla oblongata descending degeneration is apparent in 
the right bundle, while a few altered fibres also appear in that of the 
left side. At the level of the decussation of the pyramids the ventral 
spread of the right bundJe is seen, and fine fibres can be traced to the 
grey matter of the commencing anterior horn. In the cervical cord the 
degeneration is restricted to the right side, where it occupies its usual 
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position alongside the anterior median fissure with only a slight lateral 
spread. In the dorsal region it is much reduced in amount but it can 
still be followed right down the lumbar cord. There is even less sign 
of ascending degeneration than in cat A’, practically all parts above the 
_ medulla oblongata are unaltered. 

On summarising the results obtained in group A we find that in 
two animals (monkey A* and cat A’), in which the lesion fell in the 
lower part of the pons, degeneration occurred in both cranial and caudal 
directions, spreading brainwards at least to the level of the third nucleus — 
and, to a slight extent, even beyond this; and traceable as a distinct 
tract into the lumbar region of the cord. On the other hand in three 
animals (monkey A’ and cats A* and A’), in which the lesion was 
situated in the upper part of the medulla cblongata, there was practically 
no spread of the degeneration brainwards, it being restricted almost 
wholly to the antero-lateral columns of the spinal cord. 

Group B consists of two animals (both monkeys) in which Deiters’ 
nucleus was destroyed. Monkey B' showed nystagmus after the operation, 
this lasted four days. No motor or sensory change could be made out. 
The animal was killed 30 days after the operation. The lesion was 
found in the lower part of the pons extending downwards, and outwards 
in the lateral part of the pons on the right side for about 2 mm., 
completely destroying Deiters’ nucleus. The seventh nerve and the 
sixth nucleus are entirely free from injury. Degenerated fibres can 
easily be traced from the site of the lesion, the majority sweeping 
across into the opposite posterior longitudinal bundle, others passing 
towards the superior olive, while many course outwards and upwards to 
enter the cerebellum (Fig. 19). In the medulla oblongata the right 
bundle is deeply affected, only a few degenerated fibres are seen in that 
of the left side. There is also some scattered degeneration in the 
formatio reticularis lateral to the right bundle, and a second definite 
strand of degenerated fibres lies dorso-lateral to the olive in the position. 
of the direct spinal tract from Deiters’ nucleus (Fig. 20). At the 
decussation of the pyramids the two degenerated strands on the right 
side are still separate from one another, that associated with the 
posterior longitudinal bundle being closely applied to the grey matter 
of the anterior horn, to which it furnishes many entering fibres; only a 
few altered fibres are met with in the corresponding position on the 
left side (Fig. 21). In the cervical cord the differences between the 
two sides as regards degeneration are well seen. On the right side 
there is extensive degeneration passing deeply along the side of the 
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anterior median fissure and extending outwards along the periphery of | 
the cord, this degeneration is particularly dense in the angle between 
the anterior fissure and the margin of the cord; a position in which a 
strand of undegenerated fibres is seen in some of the animals previously 
examined ; on the left side only a few scattered fibres are degenerated, 
and these lie close alongside the median fissure (Fig. 22). In the 
dorsal region of the cord the appearances on the right side are similar, 
on the left side the degeneration has almost. entirely disappeared 
(Fig. 23). In the lumbar cord the amount of degeneration is much — 
diminished, and there is little lateral spread; here (as in the cervical 
region) many entering fibres pass to the anterior horn (Fig. 24). 

Tracing next the ascending degeneration which has resulted from 
this lesion:—In the upper part of the pons the left posterior longi- 
tudinal bundle is profoundly degenerated, that of the right side only 
contains a few altered fibres (Fig. 25). In the posterior corpora 
quadrigemina the conditions are the same. In sections through the 
fourth nucleus many fibres can be traced from the left bundle to the 
nucleus of the same side (Fig. 26). At a slightly higher level the 
third nucleus ‘is seen thickly dotted with fine degeneration, some fibres 
cross the middle line from the left bundle to ramify amongst the cells 
on the right side (Fig. 27). From this point the degeneration rapidly 
diminishes in amount, and it practically terminates at the upper level 
of the third nucleus. 

Monkey B*. The symptoms presented by this animal after operation 
indicated a wider damage than in any of the previous cases. The day 
after the operation the animal was found to have taken up a very 
characteristic attitude, with the head depressed to the right side and 
rotated, so that the face looked to the left. There was marked and 
irregular nystagmus; there was no squint and the pupils were equal. 
When taken from its cage the animal performed “ compass movements,” 
turning constantly round a vertical axis from left to right. All these 
symptoms soon disappeared and in a week only a little difficulty in 
balancing was apparent. The animal was killed on the 19th day after 
the operation. 

A widespread lesion was found extending from the upper part 
of the medulla oblongata into the upper pons. It was superficial in 
its lower part, but got deeper as it was traced forwards. Deiters’ 
nucleus of the right side is destroyed, but in addition the seventh 
nerve is cut across and is degenerated. The sixth nucleus is intact 
and the emerging nerve quite normal. There is fine degeneration 
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around the cells of the sixth nucleus on the left side. Many degene- 
rated fibres can be traced into the left posterior longitudinal bundle 
from the region of the lesion; other arcuate fibres pass on to reach 
the formatio reticularis, A special and distinct area of degeneration is 
seen just dorsal to the corpus trapezoides, between the sixth and 
seventh nerves. In the medulla oblongata below the lesion there is 
degeneration in both posterior longitudinal bundles, very marked on 
the right side, only slight on the left. The fibres of the direct spinal 
(vestibulo-spinal) tract from Deiters’ nucleus, lying dorso-lateral to the 
inferior olive, are also degenerated on the right side. The continuation 
of the laterally placed degenerated tract from the pons is seen ventral 
to the substantia gelatinosa. At the decussation of the pyramids the 
right posterior longitudinal bundle forms an unbroken strand of degene- 
ration extending from just ventral to the central canal almost to the 
margin of the cord, it is still separate from the direct fibres from 
Deiters’ nucleus; the lateral tract maintains its relative position. The 
left posterior longitudinal bundle contains but few degenerated fibres. 
a In the cervical cord there is on the right side much degeneration, 
extending along the anterior median fissure and out along the periphery 
of the cord for some distance, this is definitely marginal in position. 
Dorsal to this is a somewhat wedge-shaped area of degeneration, re- 
presenting the downward continuation of the lateral tract noted above. 
From this fibres pass in at the lateral aspect of the central grey matter 
and appear to end around the more posterior and lateral cells of the 
anterior horn. Only a few scattered fibres are degenerated on the left 
side of the cord here, and these lie alongside the anterior median 
- fissure. In the dorsal cord the left side is free from degeneration. On 
the right side the appearances are similar to those just described for 
the cervical cord. The antero-lateral and lateral areas of degeneration 
are still quite separate from one another; the latter extends back as 
far as the position of the crossed pyramidal tract but does not appear 
to encroach upon this. In the lumbar cord the amount of degeneration 
is less, but it is still quite evident, two distinct areas being seen, one 
antero-lateral and the other lateral in position; from both of these 
fibres pass to the grey matter. 

In the parts above the lesion degeneration is met with in the left 
posterior longitudinal bundle; there are also a few altered fibres in the 
bundle of the right side. The mesial portion of the left bundle is the 
part chiefly affected, the few degeneration fibres in the right. strand 
are lateral in position. In the region of the posterior corpora quadri- 
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gemina the degeneration rapidly decreases in amount and above the 
level of the third nucleus it can no longer be traced. | 
To sum up the results in group B:—the destruction of Deiters’ 
nucleus is followed by a descending degeneration in the antero-lateral 
columns of the cord traceable to the lumbar region, this degeneration 
occurring only on the side of the lesion below the cervical part of the 
cord ; and by an ascending degeneration, occupying especially the more 
mesial part of the opposite posterior longitudinal bundle, which can be 
traced as far as the nucleus of the third nerve. , : 
Group C comprises two animals, both monkeys. Here the lesion 
while falling in the lateral part of the floor of the fourth ventricle has 
not destroyed Deiters’ nucleus, having passed to its inner side. In 
monkey C! the operation produced a transient nystagmus, lasting for 
3 days, but no other motor or sensory change. The animal was killed 
16 days after the operation. The lesion was found to lie partly in the 
upper portion of the medulla oblongata and partly in the lower regions 
of the pons, into which the cautery had been inserted, tunnelling under 
the ventricular floor. The anterior part of the lesion has destroyed the 
sixth nucleus and cut across the seventh nerve of the right side, so that 
the fibres of both sixth and seventh nerves are degenerated. From its 
position in the pons the lesion has effectually divided any fibres which 
wight be passing from the right Deiters’ nucleus into the posterior 
longitudinal bundles. Many such fibres are degenerated and can be 
traced passing through the raphe to enter the left posterior longitudinal 
bundle, other fibres pass towards the superior olive and yet others end 
in the formatio reticularis. In the medulla oblongata there is descending 
degeneration in both posterior longitudinal bundles, affecting the whole 
extent of the right bundle but only the more ventral part of the left 
one. There is also scattered degeneration in the formatio reticularis of 
the right side, and some fine degeneration is present in the right 
hypoglossal nucleus. At the level of the pyramidal decussation the 
right posterior longitudinal bundle has spread ventrally round the 
commencement of the anterior horn, to which it gives many fine fibres. 
There is much less change on the left side here. In the mid-cervical 
region the degenerated fibres are restricted to the fissural region on the 
left side, while spreading out laterally on the right side. In the dorsal 
cord there is the usual diffusion of the degeneration on the right side 
throughout the antero-lateral columns ; the left side now shows but few 
altered fibres. In the lumbar region the degeneration is again more 
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marginal in position and is decidedly less in amount; a few blackened 
fibres are still seen on the left side. 

The ascending degeneration is practically restricted to the left 
posterior longitudinal bundle, which can be traced through the upper 
part of the pons, through the posterior and anterior quadrigeminal 
regions as far as the upper limits of the third nucleus, to which it 
furnishes many entering fibres. Above this level it ceases to exist as a 
definite strand but a few fibres pass further forward. The degeneration 
affects especially the more mesial part of the bundle. There is some 
scattered degeneration in:the formatio reticularis, lateral to the posterior 
longitudinal bundle of the right side, and in the region of the anterior — 
corpora quadrigemina these fibres sweep upwards along the side of the 
central grey matter. There is again slight degeneration in the fillet in 
the upper series of sections due to some small damage to the posterior 
column nuclei. 

Monkey C? appeared unaffected by the operation. It was killed 18 
days later. The lesion was found to be a widespread one, extending 
through the upper part of the pons as far as the tegmental portion of 
the posterior quadrigemina region. In its lower part it cuts across the — 
seventh nerve and destroys the sixth nucleus of the right side, while at 
its upper limit it inflicts some damage on the fillet. Many degenerated - 
fibres are seen to enter the left posterior longitudinal bundle in the 
pons, while others appear to end in relation to the sixth nucleus of the 
left side. Also in this region a laterally situated bundle of degenerated 
fibres is to be noted lying between the sixth and seventh nerves, in a 
similar position to that described in monkey B? (Fig. 28). Descending 
degeneration passes by both the posterior longitudinal bundles in the 
medulla oblongata, the right bundle being much the more affected. 
The lateral tract of degeneration is closely associated with the nucleus 
lateralis, to which it gives many fine fibres (Fig. 29). At the decussation 
of the pyramids fine degeneration is seen in both the commencing 
anterior horns; the continuation of the lateral tract now lies immediately 
ventral to the substantia gelatinosa (Fig. 30). In the cervical region of 
the cord the appearances are very similar to those already described, 
with the addition of very marked degeneration in the lateral column, 
this being the downward continuation of the lateral tract noted above 
(Fig. 31). In the dorsal and lumbar regions the antero-lateral and 
lateral degenerations fuse to form a single long comma—a typical 
Léwenthal’s tract (Figs. 32 and 33). Degenerated fibres can be seen 
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entering the anterior horn as before especially in the cervical and 
lumbar regions; while very distinct fibres pass from the lateral tract to 
the posterior part of this horn, as in monkey B’, these appear to end in 


relation to that group of cells described as postero-lateral by Bruce“. 


Ascending degeneration affects both the posterior longitudinal 
bundles, the left very markedly, the right to a lesser extent. In the 
anterior part. of the pons the lesion still is seen; the longitudinal 
bundles contain many degenerated fibres, these occupy the more mesial 
part of the left bundle and the more lateral portion of the right one 
(Fig. 34). In the region of the posterior corpora quadrigemina both 
bundles are seen to furnish fibres to the nuclei of the fourth nerves; 
from this level upwards degeneration is seen in the fillet, as the result 
of the direct injury done to its fibres by the anterior part of the lesion 
(Fig. 35). In the region of the anterior corpora quadrigemina the 
amount of degeneration is lessening but continues well marked to the 
upper level of the third nucleus, when it rapidly disappears, although a 
few fibres pass on in the direction of the optic thalamus (Fig. 36). The 
presence of some degenerated fibres in the tegmental part of the 
posterior corpora quadrigemina is to be noted, these cross the middle 
line from the region of the lesion to reach the formatio reticularis of the 


opposite side. 


(3) Comparison of the results in the various groups :—on comparing 
these three groups we find that in group A the character of the degene- 
ration varies with the position of the lesion; in monkey A! and cats A? 
and A*, in which the lesion fell below the level of the entrance of the 
fibres from Deiters’ nucleus into the posterior longitudinal bundle, there 
is very little degeneration of an ascending type but a marked descending 
change passing through the posterior longitudinal bundles to reach the 
antero-lateral columns of the cord in which it can be followed to the 
lumbar region. On the other hand in monkey A? and cat A’, in which 
the lesion fell at such a level as to cut the posterior longitudinal 
bundles after the entrance of the fibres from Deiters’ nucleus there is a 
profound ascending degeneration in addition to a descending change 
quite similar to that in the former cases. The ascending degeneration 
is easily traceable to the level of the third nucleus, in which the vast 
majority of its fibres terminate, a few however passing further forwards. 

In group B Deiters’ nucleus was destroyed by the lesion and a 
descending degeneration is to be found in the antero-lateral columns of 
the cord, extending on the side of the lesion into the lowest lumbar 
cord, but on the opposite side not being well marked below the cervical 
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regfon. The ascending change in this group affects the opposite 
posterior longitudinal bundle in its more mesial portion, that is to say 
in the same part in which degenerated fibres were noted in group A. 
The large share taken in the formation of the upper part of the 
posterior longitudinal bundle by fibres derived from Deiters’ nucleus is 
well shown in this group of cases, as also the fact that this is mainly a 
crossed relation, only few fibres ascending in the bundle of the same 
side. | 

_ In group C the lesion has injured neither Deiters’ nucleus nor the 
posterior longitudinal bundle directly, having fallen just internal to the 
nucleus. Here again degeneration can be traced through the posterior 
longitudinal bundles, into the antero-lateral columns of the cord, where 
a- descending change is met with, somewhat less in amount, but very 
similar in position to that noted in group B. The smaller amount of 
degeneration is probably due to the escape of the direct spinal tract of 
Deiters’ nucleus. Ascending degeneration is again found in the posterior 
longitudinal bundle of the side opposite to the lesion, and can be traced 
to the third nucleus. In monkey (* there is considerable ascending 
degeneration in the homo-lateral bundle; this can probably be associated 
with the complete destruction of the sixth nucleus in this case. The 
position of this right-sided degeneration is lateral in the bundle, instead 
of mesial aud ventral as is that contained in the left bundle. 

The géneral result of the experiments is to emphasise the importance 
of fibres coming from Deiters’ nucleus in the formation of the posterior 
longitudinal bundle, which, in its. cephalic part, appears to consist (as 
regards ascending strands) very largely of these fibres, with some 
derived from the sixth nucleus; only a few coming from lower levels. 
This is shown by the absence of degeneration in the mid-brain and 
anterior part of the pons in monkey A’ and in cats A’* and A*®. The 
strands from Deiters’ nucleus also bulk largely in the descending course 
of the posterior longitudinal bundle, but -here they are undoubtedly 
mingled with many fibres coming from higher levels, as is shown by — 
the larger amount of degeneration following a lesion of the bundle 
itself, as compared with that resulting from injury to Deiters’ nucleus. © 

(4) Comparison with the results of other observers :—on comparing 
the results yielded by the material described above with those obtained 
by other observers the following points of interest may be noted :— 
(a) The asserted relation of the posterior longitudinal bundle to the 
ocular nuclei is confirmed, and some fresh light is cast on the character 
of that relation. Duval and Laborde™ first drew attention to the . 
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importance of the posterior longitudinal bundle in this respect. They 
describe and figure fibres derived from the sixth nucleus as passing, by 
means of this bundle, to reach the actual nerve roots of the third and 
fourth nerves and to pass out in these roots. Tooth and Turner™, 
making use of Weigert’s method, in a case of bulbo-spinal paralysis 
state that fibres pass from the third nucleus, through the posterior 
longitudinal bundle, to the facial nerve trunk, which also receives other 
fibres in a similar way from the sixth and twelfth nuclei. Mendel™ 
also has claimed a similar relation for the third nucleus and facial 
nerve, Recently this direct passage of fibres has again been described 
by Gee and Tooth™, in a paper giving the results of the application 
of Marchi’s method to the study of the degenerations following a 


hemorrhage into the pons; the third and fourth nerves both containing 
degenerated fibres which these observers associate with the destruction 


of the sixth nucleus by the lesion. Schwabe denies any connection 
between the third nucleus and the seventh nerve. He divided the 
facial trunk and, making use of Nissl’s method, localised degenerated 
nerve cells only in the seventh nucleus, none at all being found in the 
third nucleus. More recently van Biervliet®, working along another 


line, has tended to support Schwabe’s view. He found that division - 


of the third nerve ‘produces total and complete chromatolysis of the 
cells of the third nucleus, and so argued that all the cells in this 
nucleus are therefore associated with the one nerve trunk. The absence 
of chromatolysis in the third nucleus of monkey A’, after division of 
both posterior longitudinal bundles would seem to support the view 
that this nucleus does not give fibres to these bundles, although it 
receives very many from them. Further the material examined by 
myself does not support the view of a direct passage of fibres to the 
third and fourth nerves from the posterior longitudinal bundle. In no 
case was degeneration met with in these nerve roots even when the 
sixth nucleus was destroyed. It is important to note that a blackened 
deposit in nerve roots does not necessarily indicate degeneration, since 
it may often be seen after the use of Marchi’s method in perfectly 
normal nerves, it lies between the nerve-fibres, and may be due, as 
suggested by Prof. Schafer, to the fact that some of the débris of 
degeneration has been carried from the affected tracts in the. lymph 
stream, perhaps by the agency of leucocytes. But, if no fibres pass 
directly from the posterior longitudinal bundle into the third and 
fourth nerve trunks, it is certain that many do pass to the nuclei 
of these nerves. In every case in which the posterior longitudinal. 
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bundles are cut above the level of Deiters’ nucleus, or where Deiters’ 
nucleus itself is destroyed these ocular nuclei are thickly dotted with 
fine degeneration. Deiters’ nucleus is not the only source of these 
fibres; undoubtedly some also come from the sixth nucleus, This is 
well seen in monkey C*, where the lateral degeneration in the upper 
part of the posterior longitudinal bundle appears to be associated 
with the injury to the sixth nucleus, while the more marked mesial © 
degeneration is certainly derived from Deiters’ nucleus. This difference 
between the lateral and mesial portions of the posterior longitudinal 
bundle has already attracted attention. Bechterew” in describing 
this bundle as composed of long and short fibres, states that the latter 


are smaller, develop later, lie lateral in the bundle and serve to connect 
the ocular nuclei. More recently Mahaim™ has thrown further light 


on this subject, making use of von Gudden’s method of atrophy, by 
destroying the third and fourth nerves in the orbit of a one day old 
rabbit and four months later killing the animal. He states that “all 
the more lateral and many of the more ventral fibres are wanting.” In _ 
this relation a paper of Mott’s is also of interest. In one of his cases 

in which an extensive lesion had been made “involving Deiters’ nucleus 
and other cranial nuclei, amongst them the sixth,’ he found degenera- 
tion passing down into the cord on the same side as the lesion and up 
in the posterior longitudinal bundle of the opposite side, as far as the 
level of the third nucleus. Mott ascribes the descending change to 
the lesion of Deiters’ nucleus and the ascending degeneration wholly 
to the injury inflicted on the sixth nucleus. It would, however, seem 
from the results obtained in the animals described above that this 
ascending change must be, to a considerable extent, ascribed to the 
damage done to Deiters’ nucleus. Thomas®™ has noted bilateral 
ascending degeneration in the posterior longitudinal bundles after a 
lesion dividing them in the floor of the fourth ventricle, “at the level 


of the entrance of the restiform bodies into the cerebellum.” This 


degeneration, shown by Marchi’s method, was traceable to the level of 
the third nucleus. . Thomas does not make any definite statement as 
to the origin of these fibres. : | 
(8) The relations of the posterior longitudinal bundle to the posterior 
commissure have been variously regarded. Darkschewitsch®, in the ~ 
paper in which he described the nucleus which now bears his name, 
states that fibres from the bundle can be directly traced into the 
commissure. Jakowenko" failed to find these fibres, and denies that . 
they are present in the lower part of the bundle. Koppen™ working on 
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lizards, confirms Darkschewitsch’s view, stating that fibres are trace- 
able from one posterior longitudinal bundle through the posterior 
commissure to the opposite side of the brain. Kélliker™, denies 
any direct connection between the bundle and the commissure, stating 
that in Darkschewitsch’s nucleus the most anterior fibres of the posterior 
longitudinal bundle terminate, and that from it arise those fibres which 
form the posterior commissure. More recently Bechterew” has pointed 
out that some of the more ventral fibres of the posterior commissure 
are directly continuous with the posterior longitudinal bundle. Tscher- 
mak™ holds a similar view, stating that’ the crossing fibres from the 
posterior longitudinal bundle are traceable to the optic thalamus. The 
material forming group A does not add support to the view that there 
is a direct passage of fibres from the posterior longitudinal bundle into 
the posterior commissure. Although the bundles have been cut at 
various levels in the different members of this group no degeneration 
can be followed into the posterior commissure ; the most anterior signs 
of degeneration being found about the level of Darkschewitsch’s nucleus, 
so that the view advanced by Kélliker, that this nucleus intervenes 
between the bundle and the commissure, appears to be correct. In cat 
A} there is some trace of fibres passing to the optic thalamus of the 
same side, but none are seen crossing to the opposite thalamus. 

(y) The connection between the antero-lateral ground bundles of 
the spinal cord and the posterior longitudinal bundle and Deiters’ 
nucleus has long been admitted. Two sorts’ of fibres have been 
described as passing between the bundles and the cord, ascending and 
descending. Ramon y Cajal™, as the result of work done by Golgi’s 
method, has described and figured fibres passing from Deiters’ nucleus 
ventral to the nucleus of the sixth nerve to enter the posterior longi- 
tudinal bundle of the opposite side. In this he states that some ascend 
and others descend, while yet others divide, giving rise to branches 
which pass up and down in the bundle. With regard to the ascending 
strands, Held has stated that the posterior longitudinal bundles contains 
the anterior continuation of the ground bundles; these fibres terminating 
in relation to the nucleus named “oberer Lateralkern” by Flechsig. 
Kélliker claims the posterior longitudinal bundle as a sensory strand, 
- conveying ascending impulses to the eye muscle nuclei from spinal and 
cranial sensory nerves. Tschermak® has recently published a very 
exhaustive paper dealing with this subject; his view is that the ascending 
fibres, destined for the posterior longitudinal bundle, arise from the 
commisural group of anterior horn cells (Lenhossék’s group), cross at 
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once through the anterior commissure into the anterior column of the 
opposite side, and ascend in this to enter the posterior: longitudinal 
bundle in the medulla oblongata ; in this they are conveyed forwards to 
the optic thalamus of the same and opposite sides, reaching the latter 
by way of the posterior commissure. These statements differ con- 
siderably from the results obtained in group A; in no case was there 
any marked degeneration in the posterior longitudinal bundle above 
the seat of the lesion, unless the fibres from Deiters’ nucleus had been 
divided, and in only one animal (cat A‘) was there evidence of fibres 
passing to the optic thalamus; apparently these ascending fibres are 
‘but few in number, at least in the upper course of the bundle. 

The source of the descending strands passing to the spinal cord 
through the posterior longitudinal bundle has been much disputed. 
Marchi™ met with degeneration in the antero-lateral columns after 
removal of one-half of the cerebellum; Bied]® got very similar results 
after division of one inferior cerebellar peduncle; and more recently 
Thomas has stated that these fibres degenerate after damage to the 
corpus dentatum of the cerebellum, but not after injury to the cerebellar 
cortex. On the other hand Ferrier and Turner™ ascribe this de- 
generation to injury of Deiters’ nucleus, finding it always present when 
the nucleus is damaged. Risien Russell’, after removal of one-half 
of the cerebellum, did not meet with the degeneration in the posterior 
longitudinal bundle described by Marchi, and further after division of 
the inferior cerebellar peduncle, be found only a few scattered fibres 
degenerated in the antero-lateral columns of the cervical region, not 
the definite and widespread tract degeneration described by Biedl. 
Mott found a definite cord degeneration after a lesion involving 
Deiters’ nucleus. Risien Russell™ has recently described, as resulting 
on the excision of Deiters’ nucleus, an ascending degeneration passing 
to the region of the anterior corpora quadrigemina, but does not indicate 
any special relation of this to the third nucleus. Russell also got a 
descending change passing through both posterior longitudinal bundles 
(which he found equally degenerated) into the cord; this degeneration 
being added to, on the injured side, in the cervical region by the 
presence of the direct spinal tract from Deiters’ nucleus. The results 
I have myself obtained very largely confirm those of Risien Russell. | 
The destruction of Deiters’ nucleus (group B) having resulted in a 
typical antero-lateral column degeneration such as he has described. 
There is, however, one point of difference:—Russell found the two 
posterior longitudinal bundles equally degenerated, while in monkeys 
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B' and B* the change is greatly more marked in the bundle of the 
injured side; this of course before the degenerated direct spinal tract 
fibres mingle with those of the bundle. Thomas has objected to the 
interpretation Russell gives of his (Russell’s) results, saying that the — 
position of the lesion made in cutting out Deiters’ nucleus would cause 
the division ‘of any fibres passing from the cerebellum into the cord. 
In: this relation ‘group © is of ‘interest, for here a lesion mesial to 
Deiters’ nucleus and therefore remote from the cerebellar peduncles 
has, in monkeys C? and C%, produced a descending change in the cord 
very similar to that resulting from a lesion of Deiters' nucleus itself. 
In both these groups (B and C) degenerated fibres are seen entering 
the anterior cornua in the spinal cord in considerable numbers and 
ramifying amongst the ganglion cells there, especially in the cervical 
and lumbar regions. These entering fibres have been noted by Professor 
Schafer™, who examined them in cases of hemisection of the cord. 
Lloyd has recently made use of Nissl’s method to demonstrate 
the association between the antero-lateral columns of the cord and the 
cells of Deiters’ nucleus. He examined Deiters’ nucleus in a series of 
cats and monkeys after hemisection of _ cord and found marked © 
chromatolysis of its cells, | 

It is obvious, then, that fibres from Deiters’ nucleus take an 
important part in the formation of the cephalic portion of the hetero- 
lateral posterior longitudinal bundle, and also in that of the caudal 
part of the homolateral bundle. The further importance of these 
strands may best be brought out by considering the relations of Deiters’ 
nucleus itself. 

As long ago as 1866 Deiters™ pointed out that this cell mass, 
which had up to that time been regarded as merely a nucleus of the 
eighth nerve, is “a way station between the spinal cord and the cere- 
bellum.” -Monakow ™ first suggested its relationship to the sensory 
strands of the cord, and this view is now fully confirmed by the work 
of Blumenau™ and of Tschemak™. The connection between the 
nucleus and the vestibular part of the eighth nerve has been established 
by Sabin™ and by Thomas™. Further, a connection between 
this nucleus and “the nuclei of the roof” in the cerebellum has been 
shown by Bruce"; while the fact that other strands pass in the 
reverse direction from the nuclei of the roof to Deiters’ nucleus has 
been pointed out by Turner, so that a double relationship would 
appear to exist between this cell mass and the cerebellum. Probst™, 
also, has pointed out that Deiters’ nucleus is of great importance in 
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relation to impulses entering and leaving the cerebellum; he states 
that the bundle from this nucleus in the anterior root zone contains 
both afferent and efferent fibres. From all these sources, then, the 
cells of Deiters’ nucleus can presumably be acted upon, and the 
impulses there set up conveyed upwards to the various ocular nuclei 
as far as the third nucleus; and downwards to the anterior horn 
cells of the spinal cord, especially to those in the cervical and 
lumbar regions. Thus it. would appear probable that the posterior 
longitudinal bundles may serve the important function of assisting in 
the coordination of the movements of eye and limb muscles, so that 
these may act harmoniously together in aiding the maintenance of 
equilibrium. [In this relation the fact that nystagmus was a constant 
symptom in all those cases in which the posterior longitudinal bundle 
was divided above the level of entrance of the fibres from Deiters’ 
nucleus, but was absent in those in which the lesion fell below this 
level is of especial interest. In a paper on “Ophthalmoplegie 
labyrinthique,” Egger® points out that normally movements of the 
head in any direction are compensated for by movements of the eyes in 
an opposite sense; but in certain cases of “'Tabes bulbaire” he noted 
that this balancing movement was absent, and found, post-mortem, that 
the nuclei of the vestibular nerve had been invaded by the disease. 
This appears to be an instance of the loss of influence from Deiters’ 
nucleus on these coordinated movements. 


CONCLUSIONS. 


As the result of the experiments detailed above the following 
conclusions seem justified. When the conclusion is one for which 
some evidence has been obtained by an earlier observer, I put the 
name of the observer in brackets after the conclusion. 

(a) No fibres pass directly from the posterior longitudinal bundle 
into the third or fourth nerve trunks. 

(b) Very many fibres pass from the posterior longitudinal bundle 
to the third and fourth nuclei (Bechterew; Mott, and others); some © 
of these being derived from the sixth nucleus, but by far the larger 
number from Deiters’ nucleus. 

_ (ce) No fibres pass directly from oe: posterior longitudinal bundle 
into the posterior commissure. (Kélliker.) 

(d) Fibres ascending from the cord, through the posterior longi- 
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tudinal bundle, are but few in number and do not appear to pass 
beyond the optic thalamus of the side on which they originally lie. 

(¢) The descending antero-lateral fibres in the spinal cord are not 
cerebellar in origin, but arise from Deiters’ nucleus. (Ferrier and 
Turner; Risien Russell.) 

(f) The descending fibres in the posterior longitudinal bundle are 
especially associated with the anterior horn cells in the cervical and 
lumbar enlargements. (Risien Russell; Sherrington; Thomas.) 

(g) The posterior longitudinal bundle plays an important part in 
co-relating ocular nuclei and anterior horn cells, through Deiters’ 
ttucleus. | 


In this paper no reference is made to the prepyramidal tract 
(Monakow’s bundle) although it is indicated as degenerated in monkeys 
B* and O*. A preliminary note with reference to this tract appeared in — 
the Proceedings of the Physiological Society, July 20th, 1901, Vol. xxviz., 
and more material is at present being examined with regard to the re-_ 
lations of this strand.. | 
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CASEINOGEN AND ITS SALTS. By W. A. OSBORNE. 
(One Figure in Text.) 


(From the Physiological College, London.) 


: It has been already pointed out by Hammarsten, Séldner and 

other investigators that the precipitate which forms in separated milk 
on acidulation is free acid caseinogen, that the precipitate obtained by 
half saturation with ammonium sulphate, by addition of alcohol or by 
admixture with any finely powdered substance such as animal charcoal, 
is a salt of caseinogen, and that on “ dissolving” caseinogen in an alkali 
such as ammonia or caustic potash the salt of the alkaline base— 
ammonium. or potassium caseinogenate is formed. 

This nomenclature, based on these facts, I adopt here. 


Solubility of Caseinogen. 

Caseinogen has been variously described as “insoluble’” in water, 
“soluble with extreme difficulty’,” and soluble to the extent of 0°1 °/,”. 

I have invariably found that the more thoroughly the caseinogen 
has been purified the less is extracted by water, and further that what 
is dissolved is not the free acid but a caseinogen salt, for addition of — 
a trace of acetic acid to the aqueous extract gives rise to a distinct 
turbidity. Griibler’s caseinogen (which, I may here state, has been 
_ used throughout the present research), subjected to repeated processes 
of purification, may be left for days in contact with distilled ammonia- 
free water without swelling up or imparting a detectable trace of 
proteid to the filtrate. Nor has such caseinogen the power of reddening 
moist litmus paper. 

We may conclude therefore that caseinogen is either completely 
insoluble in water or else possesses a solubility so low as not to be 
measured quantitatively by ordinary methods. 


1 Cohnheim, Chemie der Kiweisskirper, Braunschweig, 1900, 8. 173. 
? Hammarsten, Lehrbuch der physiologischen Chemie, 1899, 8. 397. 
Richmond, Dairy Chemistry. London, 1899, p. 25. 
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Preparation and properties of caseinogen salts. 


_ Caseinogen as an acid has the power of expelling carbonic anhydride 
from soluble carbonates and bicarbonates, forming a salt with the 
respective base. In this way we may obtain in solution the caseino- 
genate of ammonium, potassium sodium, lithium, magnesium, strontium 
or calcium’. A salt may also be obtained by the direct union of free 
caseinogen and free base, but here we must not forget that we are 
dealing with a proteid, a class of bodies highly susceptible to the 
disturbing action of free alkalis. In preparing a caseinogen salt we 
should therefore select when possible a carbonate soluble in water and 
allow it to interact with an excess of caseinogen. When the carbonate 
of the base is insoluble, as, for instance, barium carbonate, no reaction 
can occur and we must of necessity accept the only alternative, viz. treat 
the hydrate in dilute solution with a large excess of the proteid acid. 

Not only does caseinogen form salts with metallic bases but also 
with soluble organic bodies of pronounced basicity. It is thus possible 
to prepare caseinogenate of caffeine, strychnine, etc. by addition of 
excess of caseinogen to an aqueous solution of the free alkaloid. 

The salts of caseinogen may be divided into two distinct groups. 
The first that I shall describe contains the calcium magnesium, barium 
and strontium salts. The characters common to each of the salts of 
this first group may be thus summarised :— 

1. They are precipitated from their solutions by addition of any 
finely divided insoluble substance ; connected with this is their inability 
to pass through the pores of a clay filter. 

2. They are markedly opalescent in solution. . 

3. On warming their solutions a remarkable turbidity occurs at 
a temperature between 35° and 45°C.; this turbidity disappears on 
cooling. 

4. On prolonged heating in an open vessel they form a film or 
“skin” on the surface’, 


1 The calcium salt is well-known to us as forming the chief proteid ingredient of milk ; 
others are familiar as patent food-stuffs, the ammonium salt being sold as Eucasin and 
the sodium salt as Nutrose and as Plasmon. Ruppel, Die Proteine, Marburg, 1900, 
8. 192-193. 

2 I am unable to accept in their entirety the views of Jamison and Hertz on the 
formation of the film which occurs on warming milk (this Journal, xxv. 26-30). They 


: hold that it does not occur if the milk is freed from fat. But a fat-free calcium or 


magnesium caseinogenate solution develops this film on heating. More correct is 
their statement that ‘‘the nature of the suspended matter forming the emulsion is 
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5. They react with the rennin ferment. | 
The second group contains the potassium sodium and ammonium 
salts which exhibit the following characters :— 

1, They are not precipitated by finely divided substances and 
they pass with ease through a clay filter. 

2. They form a comparatively clear solution. 

3. They do not show this reversible change on warming. 

4. No film is found at the surface on prolonged heating. 

5, They do not react with the rennin ferment. 

Lithium caseinogenate belongs really to the latter group though it 
shows a very faint turbidity on warming. The alkaloid salts on the 
other hand undoubtedly belong to the former group, though I have been 
unable to satisfy myself that they react with chymosin. 

- All salts of caseinogen have this in common, that they may be 
precipitated unchanged from their solutions by half saturation with 
ammonium sulphate, full saturation with magnesium sulphate, or 
addition of excess of alcohol’, they also liberate free caseinogen on 
treatment with an acid. 


The oxvalation of calcium caseinogenate. 


It is remarkable that in the really vast literature on the chemistry 
of milk, the action of soluble oxalates on the calcium combined with the 
caseinogen should have received such little attention» Halliburton’ 
indeed expressly states that “the addition of oxalates does not absolutely 
decalcify blood or milk; the calcium in close combination with the 
proteid remains unprecipitated "—the phrase “close combination” not 
being defined. This perhaps may be taken as the generally accepted 
view, which regards the action of an alkali oxalate as simply removing 
calcium in inorganic combination and leaving unaffected the calcium 
combined with the caseinogen. That this is not correct can be readily — 
proved by the following experiment. If a solution of calcium caseino- 
genate is filtered with a Pukall filter we obtain a clear solution entirely 
free from proteid. If, however, we add some neutral potassium oxalate 
to the caseinogenate solution, wait a short time and then filter, we 


immaterial.” When solutions of the above salts are warmed an emulsion of free 
caseinogen is produced by hydrolytic dissociation which may be sufficient to cause the 
phenomenon in question (vide infra). 

1 Prolonged contact with alcohol will render the caseinogenate insoluble. 

2 The same remark applies to the oxalation of blood and muscle plasma. 

3 Schifer’s Tezt-Book of Physiology, 1. p. 135, note 1. 
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_ obtain a clear filtrate from which caseinogen may be precipitated on 
acidulation, which gives none of the calcium caseinogenate reactions, is 
in fact calcium-free and is nothing more or less than a solution of 
potassium caseinogenate. If sufficient oxalate be added and a sufficient 
time be allowed to elapse the entire caseinogen originally present as 
the calcium salt may be recovered as the potassium salt. We may, 
for instance, prepare a solution of the calcium salt and estimate the 
amount of caseinogen in 30 c.c. of this by precipitating with dilute 
acetic acid, filtering through a dried and weighed filter-paper and 
testing the filtrate to see if any caseinogen has escaped precipitation or 
been redissolved in excess of acid. The filter-paper plus precipitate 
may be dried for a couple of days at 100°C. and weighed. If then to 
100 cc. of the remainder we add 100 cc. of a 5 °/, potassium 
oxalate solution, let stand for a couple of days and filter through a clay 
cell we obtain a filtrate which yields in 60 cc. the same amount of 
caseinogen as the 30 c.c. of the original solution. I might further state 
that no matter how™small an amount or how dilute a solution of 
potassium or ammonium oxalate is added I have always obtained the 
corresponding caseinogenate in the filtrate. 

Nor does milk fail to react in a similar way. The oxalated milk 
yields alkali caseinogenate on filtering through a clay filter. It will at 
once be conceded that the demonstration of this fact may seriously 
modify current views regarding the functions assigned to calcium salts 


in the clotting of milk and perhaps also in the clotting of blood and 
muscle, 


The action of calcium ohloride on alkali casewmogenate. 


If to a clear solution of ammonium caseinogenate we add some 
dilute calcium chloride solution we obtain an immediate opalescence. 
The solution now assumes all the characters of calcium caseinogenate, 
ie. it gets turbid on warming and no longer filters through a clay cell. 
What does come through the filter is ammonium chloride, as may be 
easily proved by evaporation and sublimation. This reaction is exactly 
analogous to what Huiskamp obtained when he added calcium chloride 
to sodium-nucleo-histone' and may be expressed by the formula, 


Calcium chloride + alkali caseinogenate 
= calcium caseinogenate + alkali chloride. 


' Huiskamp, Zeit. f. physiol. Chemie, xxx1v. 8. 32. 1901. 
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This turbidity on adding calcium chloride to alkali caseinogenate _ 
has been noticed before and has been described by Brodie and 
Halliburton? as a “ precipitate” occurring at 40°C. and disappearing 
on cooling. This “precipitate” is simply the turbidity which calcium 
caseinogenate acquires on being warmed to that temperature. If, 
however, we add a fairly concentrated solution of calcium chloride, a 
true precipitate’ is obtained, but this is merely the precipitation of 
a colloid on adding a neutral salt. When, therefore, calcium chloride is 
added to oxalated milk, it reacts with the alkali caseinogenate present, 
and so calcium caseinogenate is reinstated. 


Hydrolytic dissociation of caseinogenates. 

It has already been mentioned that caseinogenates of the calcium 
group acquire a marked turbidity on warming to 35—45° C. and that 
this turbidity reverts on cooling. It is singular how few observers 
have noticed this fact®*. Ringer‘, who observed a kindred phenomenon 
with casein, suggested a possible explanation. According te him it was 
analogous to the well-known fact that many salts of calcium become 
less soluble on heating their solutions. But when we find the same 
reaction occurring in the barium, magnesium, strontium, and alkaloidal 
salts, we must seek for another explanation. 

I believe that we can find a true explanation not only of this, but of 

other phenomena in the theory of hydrolytic dissociation. According 
to this theory we assume that a certain number of molecules of calcium 
caseinogenate undergo a change which may be expressed in the formula, 


Calcium caseinogenate + 2H,O ~ Ca (OH), + caseinogen’®. 


For this to occur we must first of all postulate an electrolytic 
dissociation of certain calcium caseinogenate molecules: 


+ one 
Calcium caseinogenate — (calcium) + (caseinogen ion), 
and further a dissociation of a certain number of molecules of water, 


+ 
H,0 (H) + (OH). 


1 This Journal, xx. 103. 1896. 

2 The precipitate is calcium caseinogenate, and as this salt is apparently less soluble 
than the ammonium, sodium or potassium salt the precipitation of concentrated solutions 
of these latter by calcium chloride may admit of a further explanation. 

3 Halliburton is one of the few. Schafer’s Text-Book of Physiology, 1. 136. 1898. 

4 This Journal, x1. 464. 1890. 

5 Assuming caseinogen to be dibasic. 
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By the interaction of the calcium and caseinogen ions with the OH 
and H ions of the water, a state of equilibrium is reached in which for 
each temperature and concentration a fixed number of calcium hydrate 
and caseinogen molecules will be found. As caseinogen is insoluble, 
hydrolysis will produce turbidity, the acid falling out of solution in 
excessively fine particles, not visible, however, under the microscope. 

We will, therefore, assume that at ordinary temperatures a certain 
amount of hydrolysis occurs giving rise to the opalescence of salts of the 
calcium group, and that this hydrolysis increases rapidly at a tempe- 


_ rature near 40° C. 


It may be objected to this theory that we are here dealing with 
a colloidal solution and not a true solution. But this objection may 
be readily met. Whether or not we assume that in each so-called 
colloidal solution a certain fraction of the substance occurs in true 
- solution’, hydrolytic dissociation has been detected in solutions of 
admitted colloids. Thus palmitic acid will separate out in the form 
of globules from a boiling solution of sodium palmitate’, and coming 
nearer to caseinogen we find that proteid salts (the proteid acting as 
bagé or acid) give unmistakeable indications of this dissociation’. 

This theory is, moreover, capable of experimental proof. 

1. A 1'25°/, solution of calcium caseinogenate was divided into 
two equal portions;. the vessel containing one portion was placed in 
a thermostat at 40°C., the remaining half of the solution was first 
warmed to 40°C., then cooled and allowed to remain at room tempe- 
rature, 17°C. Both were filtered by Pukall filters connected with 
the same suction pump for an equal interval of time. To 50 cc. of 
each filtrate a few drops of alcoholic phenolphthalein were added—the 
filtrate at room temperature was if anything very faintly acid and 
required a few drops of a NaOH to develope a red tinge; that at 
40° C. on cooling gave immediately a rich red colour, which disappeared 


almost completely on adding 1 c.c. of i H,SO,. 


2. As calcium caseinogenate is a combination of a strong base with 


1 A probability discussed by F, G. Donnan (Zeit. f. physik. Chemie, xxv. 735), who 
gives the priority in this theory to W. B. Hardy. | 

2? Krafft u. Stern, Berichte d. deutsch. Chem. Gesell. 1894, 1. 1747. 

3 See for instance Cohnheim u. Krieger, Zeit. f. Biologie, 1900; Huiskamp, 
loc. cit.; Sjéqvist, Skand. Archiv. f. Physiol. v. 277. 
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a weak acid we might expect that dilution would increase hydrolysis’. 
This indeed does occur and has been noticed by Séldner’, though he 
failed to interpret its true meaning. His experiments showed clearly 
that diluting milk decreased its absolute acidity. The experiment is 


/ 


OnMS 


x 


x Signifies that turbidity became prominent at the temperature specified. 


| Upper Curve. Solution of mag- Lower Curve. Solution of 
nesium caseinogenate °/, nesium caseinogenate (strength 
unknown owing to accident) 

Temp. in Ohm | Temp. in Ohms 
25° 714 24° 54°5 
28 68 27°5 §2°1 
31°6 63°7 29°5 50°4 
35°4 60°2 32°7 48°1 
38 57°6 36 45°9 
54°4 37°4 44°01 
43°2 * 40°9 41°8 
47°4 48 
48°8 47'2 


better performed, I find, by titrating the Pukall® filtrate before and 
after dilution. 


1 Van t Hof f, Vorlesungen tiber theoretische und physikalische Chemie, Braunschweig, 
1898, 1. 124. 
Séldner, Die Salze der Milch. Inaug. Dissert. Erlangen, 1888, p. 52. 
’ Extraordinary care must of course be taken in the cleaning of these filters. 
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3. If the opalescence at room temperature and the turbidity at 
40° C. be due to dissociation then they ought to disappear on adding 
some of the basic hydrate. This is exactly what happens. Heat a 
calcium caseinogenate solution to 40°C. and add a few drops of lime 
water at the same temperature, the turbidity in great part disappears. 
This fact suggests a possible criticism of part of Sdéldner’s' work. 
He described a neutral calcium salt containing 1°55 °/, calcium oxide 
which was strongly opalescent in solution, and a basic salt with 2°36 °/, 
calcium oxide which was feebly opalescent. Might not this latter 
be in reality the former with sufficient calcium hydrate to prevent 
hydrolysis ? 

4. Assuming that an increased hydrolysis occurs at this tempe- 
rature we might expect from theory to find a corresponding change in 
electrical conductivity. The two accompanying curves showing the 
variations of electrical resistance at different temperatures as estimated 
by the Kohlrausch method, indicate a small, yet distinct fall in 
resistance (rise in conductivity) at the temperatures when turbidity 
began to appear. : 

5. According to theory this change, if hydrolytic, should vary 
inversely with the strength of the base. Judging by the eye alone, it 
can be easily observed that the turbidity is greater with magnesium 
than with barium, greater with barium than lithium, greater with 
lithium than sodium or potassium. But the behaviour of the ammonium 
salt is altogether anomalous, as judging from the weakness of the base 
we should expect a strong dissociation’. 

6. Ifa possible explanation of a phenomenon be a new proof the 


effect of adding potassium oxalate to an opalescent or turbid calcium 


caseinogenate solution might here be mentioned. The first effect is a 
momentary diminution of the turbidity, then a very gradual increase 
occurs. When an opalescent solution is thus treated the mixture loses 
the bluish tint and becomes opaque, in other words it ceases to be 
opalescent and assumes the character Of a fluid holding in suspension 
particles of measurable dimensions. If such a mixture be kept a few 
days the greater part of the suspended matter will settle to the bottom 
of the containing vessel. . 

This may admit of the following explanation. The potassium 
oxalate meeting the dissociated calcium hydrate unites at once to form 


1 Loc, cit. 14, 
2 Some other factor must be present. Light would probably be thrown on this ae 
if the hydrolytic dissociation of ammonium palmitate or oleate were investigated. 
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calcium oxalate, the potassium hydrate then forms with the insoluble 
caseinogen soluble potassium caseinogenate. But the calcium oxalate 
has a smaller molecule than the caseinogen and, therefore, the turbidity 
is lessened; later on the oxalate reacts with the undissociated casein- 
ogenate forming more calcium oxalate, and thus the turbidity is 
reestablished. 

The gradual increase of opalescence of calcium see abe solu- 
tions at ordinary temperatures which is lessened considerably by 
keeping in an atmosphere free from carbonic acid, is also capable of 
an explanation on the theory of hydrolytic dissociation. 


SUMMARY. 


1. Caseinogen, an insoluble acid, forms soluble salts not only with 
potassium, sodium, and calcium (Hammarsten), but also with certain 
other metallic and with certain organic bases. 

2 These salts are divisible into two well-defined groups (see 
_ above, p. 399). 

3. Calcium caseinogenate + potassium oxalate gives rise to calcium 
oxalate + potassium caseinogenate. 

4. Potassium caseinogenate + calcium chloride gives rise to calcium 
caseinogenate + potassium chloride. 

5. Certain caseinogen salts show hydrolytic dissociation in a 
marked degree (see above, p. 402). 

The electrical measurements of this research were made in the 
chemical laboratory of University College, London. For permission 
to work in it, and for the loan of apparatus, I am. much indebted to 
Professor Ramsay and Dr F.G. Donnan. Dr Donnan has on many 
occasions aided me with his valuable advice. 

I ‘intend applying the results I have obtained to the question of . 
the formation of casein from caseinogen. 
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THE RESPIRATORY EXCHANGE DURING THE DE- 
POSITION OF FAT. By M. S. PEMBREY, M.A. MD. 


(From the Physvological Laboratory, Guy's Hospital.) 


Introduction. 

Respiratory exchange in the well-fed marmot. | 
Respiratory exchange in the fasting or under-fed stitial. 
Work of previous observers. 

Summary and conclusions. | 

References. 


I. Introduction’. The formation of fat from carbohydrates is a 
practical fact known to every farmer who fattens cattle for market; as 
a scientific fact it has been established by the classical experiments of 

Gilbert and Lawes. Apart from this experience and evidence from 
direct analysis of an animal’s food and tissues, indirect evidence can be 
obtained from determinations of the respiratory exchange. 

In the marmot there is an enormous accumulation of fat during 
the autumn and upon this provision it lives during its winter-sleep. 
Observations? made upon the respiratory exchange of this animal 


during the autumn of 1898 showed respiratory quotients, on , as high 
2 


as 1:24, 1:28 and 1°39. These figures were obtained after the animal 
had been well fed, and they suggested further experiments upon the 
relation of food to the discharge of carbon dioxide and the absorption 
of oxygen. 

The method employed in the present series was the same as that 
described in a former paper?; the food given to the marmot was 
weighed and precautions were taken by means of control-experiments 
to obtain accurate results. The probable error in any determination 
is not more than a centigramme. The conditions were perfectly 
physiological; the marmot was subjected neither to operation nor to 
forced feeding. The marmot showed no signs of hibernation during 


1 The expenses of this research were _— by a grant from the Royal Society. 
2 This Journal, xxvu. p. 68. 1901. 
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these experiments. No reference is therefore made to work upon that 
condition. 


II. Respiratory exchange in the well-fed marmot. The marmot, 
which was full-grown when it was first obtained in 1898, has shown no 
sign of illness at any time. Its food consisted chiefly of carrots, oats, 
bran and bread moistened in water; the first was the favourite food. 

The results of the determinations of the respiratory exchange are 
shown in the following table. The periods are for one hour, and the 
times of observation were at various hours between 11 a.m. and 4 p.m. 
During none of the determinations did the marmot pass urine or faeces ; 
the moisture discharged represents therefore the water given off from 
the lungs together with a very slight amount from the fur. 


The respiratory quotients, O: , are high and cannot be clined 


by changes either in the temperature of the air, in the muscular 
activity or the internal temperature of the animal. The marmot had 
become so accustomed to its sojourn in the respiration-chamber that it 
did not struggle or try to get out; generally it sat quite still. Its 
weight and appearance showed that fat was being rapidly deposited. 
The fat abdomen and axille presented a marked contrast to the 
condition observed in the same animal after a fast or after hibernation. 
The weight of the marmot was 1191 grms. after a fast which lasted 
fifty hours, but rose to 2043 grms. after the animal had received for 
several days as much food as it would eat; this is a gain of 852 grms. 
and probably represents mainly fat. 

The food, as will be seen from the table, consisted largely of 
carbohydrates and contained a large percentage of water (cp. also 
the table of the percentage composition of foods given by Kénig). 
The carrots had been stored for some days and no doubt therefore 
bad lost moisture. 

The conversion of carbohydrates into fats would appear to offer the 
only explanation of the-high respiratory quotients. If the equation 
suggested by Hanriot be taken as a fair representation of the change, 
the excess of carbon dioxide discharged over the oxygen absorbed would 
arise in the following way : 


13C,H,,.0, = CHO, + 23CO, + 26H,0. 
(cleostearopalmitin) 
According to this equation 100 grms. of glucose would during its 
transformation into fat yield 21°8 litres of carbon dioxide. The fat 
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given in Hanriot’s formula is a hypothetical one, but a similar equation 
can be given for olein or stearin. 

According to Meiss1’s calculation 100 grms. of starch could give rise 
to 41°1 grms, of fat, 47°5 grms. of carbon dioxide and 11°4 grms. of 
water. Bleibtreu takes the composition of pig’s fat as an example 
and calculates that 270:06 grms. of glucose would yield 100 grms. of 
fat, 54°61 grms. of water and 115°45 grms. of carbon dioxide. It is to 
be noticed that according to either of these equations the weight of water 
formed would be much less, one quarter or one half, than the weight of 
the carbon dioxide. Further, the chemical change would result in the 
production of a relatively small quantity of heat, thus, 


270:06 grms. of glucose would yield 1010°7 heat-units. 
100 grms. of fat would yield a. 


60°7 ” ” 


The fat is stored in the tissues and its heat-value is only potential. 

Now the marmot is a herbivorous animal and has a respiratory 
quotient approaching 1. During the autumn it eats eagerly a large 
quantity of food rich in carbohydrates and stores up large quantities of 
fat in its body. The formation of fat from carbohydrates results in the 
setting free of a considerable quantity of carbon dioxide, the oxygen of 
which has been derived from the intramolecular oxygen of the food and 
not from the oxygen absorbed from the air by the blood in the lungs. 
In this way quotients even as high as 1°39 can arise. 

The experiment 25.ix. can be taken as an example. The quantity 
of carbon dioxide discharged in an hour was 2°44 grms., that of oxygen 


absorbed was 1°34 grms., the quotient pa is 1°32, thus: 


O, 
CO, _ 244 8 


If carbon dioxide had arisen only from the combination of carbon 
with the oxygen absorbed, the carbon dioxide should be as follows : 


CO, _ 1 84 8 

The carbon dioxide derived from the combination of carbon with 
intramolecular oxygen must therefore be: 2°44—184=060 grms. 
Now during the formation of 100 grms. of fat from carbohydrate 
115°45 grms. of carbon dioxide can be set free; therefore 0°52 grms. 
of fat would have to be deposited in the one hour in order that the 
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carbohydrate might at the same time yield 0°60 grms. of carbon 
dioxide. The weight of the animal and its appearance showed that 
it was storing up fat. 

It is now necessary to examine the discharge of water from sie 
lungs — this experiment. The quantity was 0°85 grms. and the 


quotient >t it > was 2°87. In the same animal after a fast lasting 24 hours 


was 90. 
There is an increase in the discharge of water but not in proportion to 
the increase in carbon dioxide; this would be expected during the 
formation of fat from carbohydrates. Undue stress must not, however, 
be laid upon this at present, for further experiments are in progress 
upon this and other questions. Several factors, some of which were 
not estimated, would alter the moisture ; among these are the frequency 
and depth of breathing, the temperature of the animal and of its 
surroundings, and the moisture in the chamber. 

The records of the marmot’s temperature show a higher temperature 
during the periods of fattening as compared with the periods of fasting, 
but here again it would be unjustifiable to attribute the higher 
temperature to the heat formed during the conversion of carbohydrates 
into fat. The process of gnawing and digesting carrots and bread 
increases the activity of the muscles and glands of the body and thus 
increases the production of heat.. Moreover, the marmot’s internal 
temperature is by no means. constant, even in warm weather, and it 
sometimes struggled when it was taken from the — at the end 


of an experiment. 


The marmot during the periods of jeu was eel as much 
food as it would eat, and it was free to move about its large cage. In 
captivity it is not a very active animal. The records of the food 
consumed and of the weight of the marmot show that it received 
a most liberal diet. : | 

The high quotients cannot be explained by a reduction in the 
absorption of oxygen by the animal, for in nearly all cases during the 
fattening the intake of oxygen was increased. They cannot be explained 
by the production of marsh gas and hydrogen by fermentation in the 
alimentary canal, for, even if we grant Wolfers’ contention that this 


is a factor to explain quotients above unity, the rise would only be to 


1:07 or thereabouts. 
The balance of evidence is therefore in favour of the explanation 
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given by Hanriot and Bleibtreu, that during the formation of fat 
from carbohydrates carbon dioxide is split off and set free. 


marmot after periods of fasting and after meagre meals. 


III. Respiratory exchange in the fasting or under-fed marmot. 
In order to test the influence of food observations were made upon the 


determinations are for periods of one hour. 


The following 


Watet | dloride | 0 
x x 
Date Temp. CO, | CO: | Rectal period Remarks concerning food, &c. 
of grms. grms. | grms. O, | H,O | temp. grms. ‘ 
1901 ° ° 
18.ix | 200 | 0°55 1°04 0°89 | 0°88} 1°90! 36°7 | 1244°24|)The marmot has received no 
food for 24 hours. 
| 0°50 1°20 1:01 | 0°86 | 2°40) 37:1 | 1243°54 | Consecutive period. 
19.ix | 19°53 | 0°57 1-05 1:00 | 0°76/1°84) | 1191-60 | The marmot has received no 
36°7 food for 50 hours. 
19°5 | 0°50 1°22 1:00 2°44 36°5 | 1271°20| 15 mins. after eating 81 grms. 
37°0 of carrots; the meal lasted 
29 mins. This period: com- 
menced 55 mins. after the pre- 
vious one, 
2.x | 218) 0°48 1:00 0°89 | 0°81 /|2°08| 36°0 | 1677:11| The marmot has received no 
36°0 food for 274 hours. 
8.x | 210} 0°46 0°92 0°74” | 0°90 | 2°00 | 35°5 | 1528°22 | The marmot has received no 
| 36°0 food for 52 hours. Period of 
, half-an-hour x 2. 
30.x | 155 | 0°60 1°82 162 | 0°82 2°28; 35°7 | 1773°25| The marmot has received no 
87°0 food for 42 hours. Period of 
half-an-hour x 2. The marmot 
struggled when it was taken 
out of the respirati 
in order that its temperature 
might be taken at the end of 
3l.x | 150 | 0°48 1°61 1°47 | 0°80 | 3.74) 385-0 | 1792°80| The marmot has received no 
37°0 | food for 184 hours. When the 
marmot | was taken o - of the 
and ran round the 
its rectal temp. was taken. 
Mean 0°51 1°23 1°08 | 0°84 | 2°33 : 


These quotients are higher than those which would be yielded by 
the combustion of fat, and are to be explained by the combustion of 
glycogen together with proteid and fat. It is well known that the 
marmot can form large quantities of glycogen. Fasting reduces the 
total metabolism, and these results besides serving as a control upon 
the effect of fattening also form a check upon the method for the 
.estimation of the respiratory exchange. 
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_ two series, but their values are approximately the same as the ratios 


and therefore in other experiments the quantity taken was not greater 
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The mean of the observations in the two series is given in the 
following table :— 


Carbon | 
Number Water dioxide Oxy, 
of obser- CO; Condition of marmot 
vations in grms,_ in grms. in grms. H,O 
8 0°51 1°23 108 0°84 2°33 Fasting. 
22 0°62 2°04 1°26 1°21 8°38 Fattening. 


The quotients in this table are the averages of the quotients in the 


obtained directly from the mean discharge of water and carbon dioxide 
and the mean absorption of oxygen. The slight difference is due to 
the fact that the individual quotients are only stated as far as the 
second place in decimals. 


IV. Work of previous observers. Upon the general influence of 
proteid, fat and carbohydrates upon the respiratory exchange the 
valuable paper of Magnus-Levy not only gives the results of numerous 
original observations, but also a historical account. Here, therefore, 
only the work which bears directly upon the present results will be 
considered, 

Hanriot found that the respiratory quotient of a hungry man rose 
from 0°83 to 1°25 after the consumption of 50 grms. of glucose dissolved 
in a litre of water; after a meal of 350 grms. of glucose a quotient as 
high as 1:30 was observed, but this quantity of sugar caused discomfort 


than 75 grms. The high quotient was not, he maintains, due to butyric 
fermentation in the intestine, for it was observed when cachets of 
naphthol were administered at the same time as the sugar. This high 
quotient Hanriot explains by the conversion of carbohydrate into fat, 
carbon dioxide and water according to the following equation :— 


130,H,,0, = + 28CO, + 26H,0. 


In a previous series of experiments upon a man Hanriot and 
Richet had found on two occasions quotients only as high as 1°04 and 
1-03 after a meal of potatoes and of glucose; in most of the determina- 
tions the respiratory quotient was less than unity. 

In Speck’s experiments upon the influence of carbohydrates upon 
the respiratory exchange of man the quotients are not above unity. 

Zuntz and von Mering found that an injection of sugar into the 
jugular vein of a rabbit raised the respiratory quotient: the mean was 
1:02 and the highest figures were 1°14 and 1°20. The results were in 
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some cases complicated by the struggles of the animal upon which 
tracheotomy had been performed. An anesthetic could. not be given in 
such experiments for it would have reduced the general metabolism of 
the animal. The duration of each determination of the respiratory 
exchange was fifteen minutes. Zuntz in his article in Hermann’s 
Handbuch decides against quotients which are above unity, even after 
the animal has taken a liberal meal of carbohydrates. This contention 
is supported by the work of his pupil, Wolfers, who found that glucose 
and cane-sugar could be injected into the blood of rabbits without 
causing an increase in the absorption of oxygen. Under these condi- 
tions the carbon dioxide discharged increased and the respiratory 
quotient approached unity. Two hours or more after the injection of 
alcohol quotients even above unity were obtained, the highest being 1°19. 
Wolfers explains the high quotients found in many cases after food by 
supposing that it is due to the formation of marsh gas and hydrogen 
by fermentation in the alimentary canal; he calculates from the data 

obtained by Colasanti in the case of guinea-pigs that the quotient 
could be raised to 1:07 by the oxidation of these gases at the expense 
of intramolecular oxygen. He points out, however, that during the 
deposition of fat after a meal containing an excess of proteid and 
carbohydrate, there would be set free a complex of atoms very rich in 
oxygen ; thus the respiratory quotient could be raised above unity, for 
this intramolecular oxygen would leave the body combined with carbon : 
a portion of the carbon dioxide discharged by the lungs would be due 
to oxidation effected not by the oxygen absorbed from the air, but by 
intramolecular oxygen of the food. | | 

Magnus-Levy made a series of experiments upon man and dogs, 
but only found the respiratory quotient raised above unity in eight 
cases; the highest was 1°06 after the dog had received a big meal 
of rice and sugar. He criticises adversely Hanriot’s results and 
concludes that quotients above unity are exceptional and can in many — 
cases be explained by errors of experiment. 

The “injection of grape-sugar into the circulation of dogs produces, 
according to Vaughan Harley, an increase in the respiratory 
quotient; this increase is more marked when the elimination of the 
sugar by the kidneys has been prevented by ligature of the ureters. 
The condition of the animals in these experiments, as in those by 
Zuntz and von Mering, and Wolfers, cannot be considered to be 
physiological, for even in the control experiments tracheotomy was 
performed and the dog was tied by bandages to a cushion in order to 


_ prevent muscular movement. 
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that the tissues of frogs possess a reserve of oxygen for use during their 
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It is necessary to test the contention of Magnus-Levy and to see 
whether respiratory quotients above unity are so very exceptional and 
whether they are in most cases to be explained by errors of experiment. 
An examination of previous work upon respiratory exchange shows 
that respiratory quotients greater than unity have often been obtained, 
but that the causes have not been determined. The general custom of 
physiologists has been to look upon the high quotients with suspicion 
and to disregard them. 

Voit and Rauber found among twelve experiments upon four 
rabbits respiratory quotients of 1°01, 1°24, and 1:07 before, and 1:24, 
1°08, 1°12, and 1°02 after the animal had been bled. These results 
appear to have been published only in a paper by Bauer, and are 
probably vitiated by a considerable error in the determinations of the 
oxygen absorbed. In a research upon the same subject, Pembrey and 
Giirber obtained among fourteen determinations of the respiratory 
exchange of eight normal rabbits, quotients 1:04, 1:07, and 1°07, and 
among twenty-six estimations after bleeding and transfusion, quotients 
1°02, 1:07, 1°02, 1°05, 1°03, 1:08, 1°05, and 1°01. The estimations of the 
hemoglobin and red corpuscles showed that in some of these latter 
cases the animal had completely recovered. No attempt was made to 
fatten the animals. 

The respiratory quotients in many of Vernon’s experiments upon 
invertebrate animals are considerably above unity, 1°4 and even higher. 
These high values are, he thinks, largely due to experimental error and 
to the abnormal condition of the animal during its captivity ; “in fact 
in the majority of cases the animals at the time of the experiments 
were slowly dying.” 

Athanasiu made fifty-four observations upon the respiratory ex- 
change of frogs at different seasons and in ten cases found respiratory . 
quotients considerably above unity. The average of these ten cases was 
1:24, the maximum 1°50 and the minimum 1°07. The high quotients 
were observed in autumn and winter, and the duration of the experi- 
ments varied between eleven and twenty-four hours. Temperature, 
muscular movement and cutaneous respiration do not, Athanasiu 
maintains, explain the origin of these high quotients; he concludes 


hibernation under natural conditions in the mud below more or less 
stagnant water. The results cannot for this reason be compared with 
the respiratory exchange of hibernating mammals such as the marmot. 
The most important work upon this subject is that by Max 
27—2 
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Bleibtreu, who under the direction of Pfliiger investigated the 
effect of forced feeding upon the respiratory exchange of — The 
following respiratory eT were found by him. 


Goose I. 14th day of fattening, 1'380; 21st day of fattening, 1°190 ; 
40th day of fattening, 1:°237; after 6 days’ fast, 0°728. Goose II. 
Fasting, 0°690. Goose III. 16th day of fattening, 1°117; 27th day 
of fattening, 1°232; 31st day of fattening, 1°166. 

After the fattened animals were killed more than a thousand 
grammes of fat were easily cut from the body. 

Bleibtreu’s results show that the high respiratory quotients cannot 
be explained by a decrease in the absorption of oxygen, for there is 
actually an increase over the quantity absorbed during a fast. There 
was no discharge of marsh gas or hydrogen. The high quotient is due 
to the formation of fat from carbohydrate, and this chemical change 
is accompanied by the splitting off of carbon dioxide. Bleibtreu 
calculates that 270°06 grms. glucose could give rise to 100 grms. fat, 
54°61 grms. of water and 115°45 grms. of carbon dioxide; this quantity 
of “atypical carbon dioxide” would be quite sufficient to raise the 
_ quotient to the high values which he obtained. | 


V. Summary and Conclusions. During the autumn the marmot 
feeds eagerly upon food consisting chiefly of carbohydrates and rapidly 
deposits fat in its body as a reserve for combustion during its winter- 


sleep. The respiratory quotient s is greater than unity: the mean 


of twenty-two determinations is 1°21, the maximum 1°39, the minimum 
1-04. 

These high quotients cannot be explained by a reduction in the 
absorption of oxygen, for, compared with the condition during fasting, 
there is a considerable increase. 

_ The probable explanation is that suggested by Hanriot :—during 
the formation of fat from carbohydrates a considerable quantity of 
carbon dioxide is split off from the carbohydrate-molecule. The 
respiratory quotient can thus be raised above unity, if the animal 
be feeding upon carbohydrates; for, in addition to the ordinary com- 
bustion which results in a quotient approaching unity, there is a. 
discharge of a further quantity of carbon dioxide, the oxygen of which 

is derived from the intramolecular oxygen of the food. 
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A CONTRIBUTION TO THE CHEMISTRY OF PROTEIDS. 
Part I. A preliminary Study of a hitherto undescribed 
Product of Tryptic Digestion. By F. HOPKINS 
anD SYDNEY W. COLE. 


(From the Laboratory, Oombeiige.) 


I. In arecent paper’ we showed that the colour reaction of proteids 
described by Adamkiewicz is obtained only when glyoxylic acid 
is present in the acetic acid employed. From the observations described 
in the paper referred to it fullows that the Adamkiewicz reaction is in 
no sense a furfurol reaction, and therefore that there is no evidence for 
the current conception of its dependence upon carbohydrate groups in 
the proteid molecule. 

It becomes of interest therefore to know the nature of the molecular 
groups actually responsible for the colour reaction’. That such groups 
are present intact in some substance or substances to be found among 
the simpler products of proteid hydrolysis, is suggested by the fact that 


_ @ glyoxylic reaction may be obtained during the progress of an acid 


hydrolysis long after the biuret reaction ceases to be given. It may 
also be displayed with great intensity after the influence of strong 
trypsin has reduced the biuret-yielding substances to a minimum. The 
reaction, too, may be obtained in acid alcohol extracts from the products 
of tryptic digestion which show no biuret reaction whatever. We 
endeavoured therefore to separate such a substance from the products 
of proteolysis, and have finally succeeded in preparing a beautifully 


1 Proc, Roy. Soc. vol. uxvimt. p. 21. 1901. 

? In this paper the reaction is spoken of as the ‘‘glyoxylic reaction.” When a solution 
of glyoxylic acid is employed as the reagent there is none of the uncertainty attendant 
upon the use of acetic acid. The reagent we use is a partially reduced solution of oxalic 
acid, prepared as follows: A saturated solution of oxalic acid is placed in a tall cylinder 
and a few lumps of sodium amalgam (about 60 grammes per litre of the solution) are 
added. When all the hydrogen has been evolved the solution is filtered and diluted 
twice or thrice. It is used exactly in the same manner as is glacial acetic acid in the 
procedure described by Adamkiewicz. 
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crystalline product which gives the glyoxylic reaction in a typical 


‘manner. 


For reasons wtdok will be understood in the sequel the substance is 
to be obtained in greatest amount from the products of pancreatic 


_ digestion and may be separated with especial ease when casein is the 


proteid employed. The tryptic digestion products of casein have there- 


‘fore been the chief source of material for the experimental work 


described in the present paper. We have obtained an identical product 
however from the tryptic digestion of crystalline egg albumin, and 
from serum proteids after hydrolysis with sulphuric acid. 

The method of separation which led us to success depends upon the | 
use of a selective precipitating agent. 


II. Mercuric sulphate in sulphuric acid as a precipitant 
for the products of proteolysis. 


The use of mercuric salts as precipitants though common has been 
mainly confined to the chloride and acetate. The sulphate however 
exhibits some special relations and throws down certain substances 
not precipitated by the salts more commonly employed. So far as 
we are aware mercuric sulphate has been but little used for the purpose 
of chemical separations, at any rate under the conditions in which we 
have employed it; in the presence, namely, of a considerable proportion 
of free sulphuric acid. When about 5 per cent. of free acid is present 
it becomes a highly selective precipitant. From the final products of 
proteid hydrolysis it throws down, in appreciable quantity, only cystin 
and the substance which forms the subject of this paper. Tyrosin is 
also precipitated when the proportion of free acid is small, and, very 
imperfectly and after long standing, from solution containing 5 per 
cent. The precipitate in each case appears to be a molecular compound 
containing mercuric sulphate. | 

From cystin the substance we have to describe can be separated 
without much difficulty by means of fractional precipitation; from 
tyrosin it is easily separated, owing to the much greater solubility of 
the mercuric sulphate compound of the latter in dilute sulphuric acid. 

The mercuric sulphate solution which forms the precipitating 
reagent used by us contains 10 per cent. of the salt dissolved in 
5 per cent. sulphuric acid. It is conveniently prepared as follows: 
250 cc. of strong acid are mixed with 4750 cc. of water, and the 
requisite amount of mercury salt having been weighed out (500 
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grammes), about 50 grammes at a time are ground up in a mortar 
_ with a portion of the dilute acid. The suspension is then poured into 
the main bulk of the acid, which is meanwhile briskly stirred; this 
treatment being continued until all the salt has been added. The 
solution is now allowed to settle and is, finally, filtered. 


III. Separation of a crystalline product, yielding the glyoxylic 


(Adamkiewicz) reaction, from the tryptic digestion products of 
casein. 


As a source of material we bh employed, on account of their great 
convenience, chiefly the commercial preparations of casein known 
respectively as protene and plasmon. Either of these digests easily, 
contains but little fat, and, apparently, but little lactalbumin. Although 
most of our material has been obtained from these preparations, we 
may state that we have obtained an identical product, without observ- 
able difference in the yield, from casein (caseinogen) separated from 
fresh milk by Hammarsten’s method. 

We proceed as follows: A kilo of the casein preparation is placed 
~ in about 10 litres of ‘8 per cent. sodium carbonate solution and digested 
at 35° with an efficient trypsin solution (400 c.c. of liq. pancreaticus, 
Benger). The ferment solution is added in two portions, half at the 


outset and half at the end of the first or second day of digestion. To 


keep the mixture aseptic one part per mille of sodium fluoride is added 
and about 50 c.c, of chloroform. Thus treated our preparations remain 
absolutely aseptic until digestion is finished. If preferred thymol or 
toluol may be used. 

Digestion is continued until the tryptophane reaction obtainable 
from the products has reached (so far as can be observed) a maximum. 
This usually occurs about the 5th to the 7th day of digestion; but with 
strong ferment it may occur earlier. 

Preliminary precipitation: The mixture is heated to 80° and, after 
cooling, filtered. To the clear filtrate strong sulphuric acid is added in 
such quantity as roughly to equal 5 to 6 per cent. of the filtrate by 
volume. When the commercial casein preparations have been employed 
the acidified fluid is allowed to stand for some hours at this stage, 
to allow of the separation of calcium sulphate. It is then again 
filtered. 

The mercuric sulphate reagent (prepared as described in the last 
section) is now added. At this first stage in the separation a remark- 
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ably large proportion of the reagent is required to produce a precipitate. 
When, as in our experiments, the amount of proteid originally taken is 
equal to 10 per cent. of the digestive fluid, about 100 c.c. of the 
reagent is required for each litre of the digested mixture. In any 
case it is added with brisk stirring until precipitation is seen to 
begin, and then in a further quantity of some 25 c.c. per litre of the 
mixture. 

The preparation is now allowed to stand for some 12 hours when a 
bulky lemon-yellow precipitate settles out. 

This is filtered off and washed with 5 per cent. nsiphaiite acid. The 
first washings give a marked red colour on the addition of Millon’s 
reagent in the cold; the washing is continued until this has disappeared 
and Millon’s reagent is found to give only a brownish-yellow coloration. 
The mercury compound of tyrosin is thus easily washed away, and 
Millon’s reagent gives conclusive evidence of its removal in spite of 
the presence of sulphuric acid. From 5 or 6 per cent. sulphuric 
acid the last traces of the mercuric sulphate compound of the new 
substance separate slowly, and for a quantitative separation it is 
necessary to allow 48 hours or more. If the original tryptic digestion 
has proceeded far enough, a filtrate may then show no trace of the 
glyoxylic reaction. The precipitate itself will at any stage give an 
intense reaction. When quantitative data are not required, 12 hours’ 
standing after precipitation is sufficient, and at the end of this shofter 
period there is but little of the tyrosin compound to be removed. 

The washed mercury precipitate is suspended in about half a 
litre of water and decomposed with sulphuretted hydrogen. Decom- 
position proceeds sumewhat slowly; and it is well, after complete 
saturation with the gas, to heat for some time upon the water-bath and 
saturate again. The precipitate after being filtered off should be a 
second time suspended in water and again treated with the gas. The 
mercuric sulphide being finally removed by filtration, the filtrate is 
freed from the greater part of the hydrogen sulphide by boiling. (The 
heating should not be long continued as the product pigments.) It is 
then cooled and treated once more with 4 per cent. of its volume of 
sulphuric acid as a preliminary to reprecipitation by mercury. 

At this stage cystin is to be separated. When the products under 
treatment are derived from casein, and when the separation is not being 
carried out on quantitative lines, this is a matter of no difficulty, owing 
to the small yield of cystin by the milk proteid. The mercuric sulphate 
reagent is added until a small permanent precipitate is produced, the 


~ 
& 
4 
is 
2 
Fs 
A 
t 
A 


429 F. G. HOPKINS AND S. W. COLE. 


mixture being then shaken and allowed to stand for half-an-hour. It is 
then filtered through a rapid filter, yielding a filtrate which is cystin 
free, or which contains only traces of this substance, easily removable 
during the subsequent treatment. Excess of the mercury reagent is 
now added to the filtrate, very much less being required for complete 
precipitation of the product than when, at an earlier stage, it was 
added to the mixed products of digestion. The mixture is allowed to 
stand for a few hours, the precipitate is filtered off and washed with 
dilute sulphuric acid and then with water. The mercury is finally 
removed in the form of sulphide as before. 

Final separation. The sulphuric acid which is liberated on de- 
composition of the mercury compound is next removed from the filtrate 
by means of barium hydrate. It is of great advantage to the final 
separation of the products if the removal is complete. The baryta 
solution should be added hot and in such amount that a small quantity | 
of the solution after filtering shows no precipitate either with baryta 
or sulphuric acid. The use of barium carbonate is of no advantage — 
here as the substance to be separated yields a soluble barium compound 
not decomposed by carbon dioxide. 

After some digestion on the water-bath the bulky precipitate of 
barium sulphate is filtered off. The filtrate is now mixed with about 
half its bulk of 90 per cent. alcohol and is evaporated on the water- 
bath. During the evaporation small quantities of alcohol are added 
from time to time; heating with water alone, which leads to increase 
of pigmentation, should at all stages be avoided. Evaporation is 
continued until the solution after a final addition of alcohol and on 
removal from the bath sets to-a thick magma of crystals. These are 
filtered off at the pump, thoroughly drained, and washed with 90 per 
- cent. alcohol. They are redissolved in a minimal quantity of hot water, 
an equal bulk of 90 per cent. alcohol is added, and the solution is boiled 
with a little animal charcoal and filtered hot. On concentration (with 
occasional addition of alcohol as before) fine white pearly plates separate 
which may be again recrystallized from 75 per cent. alcohol. The 
deeply pigmented mother liquors from the first crop of crystals may. 
be with advantage treated in the following way. They are made just 
alkaline with ammonia, heated, and treated hot with a small quantity 
of normal lead acetate. The lead precipitate is filtered off before the 
mixture cools, and the lead is removed from the filtrate with hydrogen 
sulphide. The filtrate after boiling is evaporated with alcohol as before, 
when a second crop of crystals is obtained. These should receive rather 
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more washing at the pump than is necessary for the first crop, owing to 
the presence of ammonium acetate in the mother liquor. 

The yield of crude product is apparently about one-and-a-half per 
cent., but there is considerable loss during recrystallization. We have 
not yet studied the optimum conditions of digestion, etc., for a maximal 
yield, but there is reason to believe that the figure just mentioned i is 


below the amount which it is possible to obtain from casein. © 


IV. General properties of the substance. 


After the treatment described the product is obtained in the form 
of finé white glistening plates of highly characteristic appearance. The 
substance is moderately soluble in cold water and freely soluble in 
water at 100°, Its aqueous solutions are markedly acid to litmus. It 
is but sparingly soluble in absolute alcohol, cold or hot; but 
solubility increases rapidly on dilution of the spirit, and it may be 
conveniently recrystallised from hot alcohol of 75 to 80 per cent, 

It is moderately soluble in methyl] alcohol, but well-formed crystals 
are not easily obtained from the solvent; fine plates are got, however, 
if a methyl alcohol solution be mixed with chloroform and evaporated 
in vacuo, | 

The substance does not show a well-defined melting point, but its 
behaviour on heating is sufficiently characteristic. It begins to change 
colour at 220° and is brown at 240°; it then softens, and at 252° is 
fully melted, the final stage of fusion being fairly sharp. A little above 
its melting point there is a brisk evolution of carbon dioxide, and at 
a higher temperature an abundant. yield of indol and skatol. 

The reaction with glyoxylic acid. Solutions of the substance yield 
the glyoxylic colour reaction with great intensity. In moderately 
strong solutions, if sufficient glyoxylic acid be present, the addition of 
sulphuric acid produces a deep indigo colour, a greenish zone being 
seen next the acid when the latter is allowed to remain subnatant. 
With wéak solutions the colour is exactly that given by the original 
proteid, and the spectroscopic absorption is precisely similar. A 
solution containing 1 part in 10,000 gives a well-marked colour. 
‘The substance gives also the tryptophane reaction. If bromine 


- water be cautiously added to aqueous solutions of the compound, excess 


being avoided, a fine red-rose colour is produced; and if the mixture be 
shaken with amyl alcohol the coloured product of the reaction is 
characteristically taken up by the latter solvent, showing in this the 
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exact spectroscopic absorption which is seen where the “tryptophane 
(proteinchrome) reaction” has been obtained from the original mixture 
of tryptic digestion products. The tryptophane reaction no less than 
the glyoxylic reaction is seen to be associated with the compound we 
are describing at each step of the separation of the latter from the 
original digestion mixture. The reaction is present so long as the 
substance is present, but is no longer given at any stage after the 
substance has been fully separated from a mixture. There can indeed 
be no question that our substance is the hitherto unknown precursor of 


the red product of this familiar reaction. 


The pyrrol reaction. The abundant yield of skatol and indol on — 
heating has been already mentioned. It is of importance to observe | 
that solutions of the substance give the pine-slip reaction direct, a fact 
which offers strong evidence for the presence of the pyrrol ring (or of 
the indol nucleus) in the original molecule. 

. A pine-wood match is steeped in strong hydrochloric acid and the 
excess of acid washed off with water. If the slip be now dipped into 
a strong aqueous solution of the substance and subsequently dried, or 
held in the steam from a water-bath; a deep purple colour is developed. 

A crystalline hydrochloride of the substance can be readily obtained 
by the addition of a small amount of hydrochloric acid to an aqueous 
solution and evaporation to dryness in vacuo. 


\ 
V. Analytical data. 
Product A. Prepared in exact accordance with the method described in 
Section ITI. Recrystallised three times from alcohol and water. 
‘1875 grm. gave 21:4.c.c. moist N. at 13°C. and 748 mm. N=13: 30 
per cent. 
‘2127 grm. gave 5064 grm. CO, and -1168 grm. H,O. C= 64-93 per cent. 
H = 6°11 per cent. 
Product B. Prepared as A. _ Recrystallised three times. 
1573 grm. gave 17°8 c.c. moist N at 14°C. and 770 mm. N=13°51 
per cent. | 
Product C. Early fraction from fractional precipitation by mercury. 
Thrice recrystallised. 
1672 grm. gave 19°3 c.c. moist N at 17°8°O, and 7665 mm. N=13-48 
per cent, 
‘2133 grm. gave *5051 grm. CO, and H,O C= 64-58 per cent. 
= 6°03 per cent. 
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Product D. Late fraction from fractional precipitation by mercury. 
Twice recrystallised. 
*1166 grm. gave 13°3.c.c. moist N at 17:5°C. and 761°5 mm. N=13:25 
per cent, 
Product E. Late fraction. Thrice recrystallised. | 
‘2036 grm. gave 24:5 c.c. moist N at 18°C. and 7385 mm. N=13°51 
per cent, 
Product F. Late fraction. Recrystallised twice. 
‘1555 grm. gave 18-2 c.c. moist N at 16:2°C. and 739°3 mm. N = 13-27 
per cent. 
‘2467 grm. gave ‘5820 grm. CO, and ‘1294 grm. a C=64 34 per 
cent. H=5°83 per cent. 
Product G. A product obtained by recrystallising feces methyl alcohol. 
‘1669 grm. gave 19°4c.c. moist N at 12°8°C, and 754°8 mm. N=13°67 
per cent. 
Product H. Mother liquors of various products treated with lead as 
supra. Final product recrystallised twice from 70 p.c. alcohol. 
1618 grm. gave -3861 grm. CO, and 1618 grm. H,O. C=65-08 per 
cent. H=6°12 per cent. 


Calculated for Found 

C,,H,.N,0, A B H 
C=64°70 an * — — 684 — 6606 
H= 5°88 608 — wi 6°12 


N=13-72 1830 1351 1848 1825 1851 1827 18°67 


This formula is also spi supported by the ere of the 
hydrochloride. 


Product A. ‘3257 grm. gave ‘3841 grm. of the hydrochloride. Cl= 14°79 

per cent. 
; (Cl weighed as AgOl gave 14°46 per cent.). 
1+ grm. gave ‘118 grm. of the hydrochloride. Cl= 14°83 per cent. 

Product ‘1564 grm. gave 1840 grm. of the hydrochloride. Ol= 14:59 
per cent. 

(Cl by Volhard’s process gave 14°67 per cent.). 

Product G. ‘1235 grm. gave ‘1457 grm. hydrochloride. Cl = 14°82 
per cent. 
(By Volhard’s process Cl gave 14-62 per cent.). 

Product H. +1518 grm. gave ‘1787 grm. hydrochloride. Cl = 14°64 
per cent. 


_ (By Volhard’s process Cl gave 14°64 per cent.). 


The mean of these results gives Cl = 1470 per cent. C,,H,.N, O» HCl 
requires 14°76 per cent. of Cl. 


No determinations of the nae weight have yet enn made, 
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owing to the difficulty in finding a suitable solvent. The minimal value 
of 204 as expressed in the above formula appears to be highly probable. 
The above formula corresponds either to an indol-amido-propionic 
acid, or a skatol-amido-acetic acid. But conclusions as to ) comsuibation 
must await further investigations. 


VL. Separation of the substance from the products of acid 
hydrolysis. 

We have obtained from the products of the acid hydrolysis of 
serum proteids and of crystalline egg-albumin a substance identical 
in all respects with that described. The yield is much smaller, as the 
substance is itself destroyed on prolonged boiling with mineral acids. 
In connection with what has gone before, it is of importance to have 


shown that the body is found after hydrolysis by acids, as Neumeister 


has observed that a tryptophane reaction may occur. 

In our experiments each 100 grms. of the proteid were boiled 
in a litre of 15 per cent. sulphuric acid; the boiling being continued 
for 5 hours. After cooling, the solution was diluted with an equal 
bulk of water and filtered. It was then precipitated with the mer- 
curic sulphate reagent, exactly as in the case of the tryptic products, 
and the precipitate decomposed in a similar way. The filtrate from — 
the mercuric sulphide after the addition of 5 per cent. sulphuric acid 
was then treated with phosphotungstic acid with avoidance of excess. 
After standing, the precipitate was filtered off; in the filtrate the 
phosphotungstic acid removed by barium hydrate, and excess of the 
latter by sulphuric acid. The content of sulphuric acid being raised 
again to 5 per cent., the mercury reagent was added little by little 
until the precipitate began to contain the substance sought. The 
earlier fractions contain the cystin-mercury compound; this was filtered 
off and the filtrate treated with excess of the reagent, after which the 
procedure was precisely similar to that described in an earlier section. 
It is easy to decide when the substance to be separated is beginning to 
come down during such fractional precipitation, by filtering off a small 
portion of the precipitate, washing with water and applying the gly- 
oxylic test to a suspension of the precipitate. 

The investigation of a crystalline product of proteid hydrolysis which 
gives a characteristic colour reaction in common with the original 
proteid must have an important bearing in the study of the structure 
of the proteid molecule; especially as the yield of the product is 
considerable and the reaction apparently highly specific. 
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Since it has become customary to look upon the glyoxylic (Adam- 
kiewicz) reaction as due to furfurol, the significance of E. Salkowski’s! 
observation, showing that substances of the indol group give an 
analogous reaction, has been overlooked. Indol and skatol certainly 
yield a colour when dissolved in glyoxylic acid solutions and treated 
with sulphuric acid, though the proportions of the reagents used have 
to be somewhat carefully adjusted, as Salkowski* found when using 
acetic acid. But a casual observation will show that the coloured 
product from indol or skatol is not identical with that given by 
proteids and by the substance described in this paper, though the 
reaction obtained is in all probability homologous. The behaviour 
of skatol-carbonic acid we have been unable to study. In any 
case it is of interest to recall the observations of Salkowski in 
view of the certainty that the substance we have separated is an indol 
or skatol derivative. Of this there can be no doubt, in face not only of 
the exceptionally large yield of indol and (or) skatol on heating, but of 
the fact that the original substance gives the pine-wood reaction in a 
marked and typical manner. 

Hitherto the production of skatol and indol derivatives from proteids 
has been very generally looked upon as due to secondary processes, and 
the existence of the indol groupjng in the original molecule has been 
doubted. This doubt will, we believe, be entirely removed by a study 
of the new product, which while sharing a characteristic colour reaction 
with the original proteid is split off from the latter by the action of 
trypsin, an action which is, less than any other, likely to lead to 
secondary changes. 7 

The proof of the existence of heterocyclic groups in the molecule 
begun by Emil Fischer’s* recent discovery of pyrrolidine-carboxylic 
acid among the hydrolytic products seems now to be fully established. 

Many attempts have been made to isolate the parent substance of 
the proteinchrome reaction; up to now entirely without success. 
Nencki‘, Beitler’, Kurajeff*, and others have called attention to the 
characteristic yield of pyrrol, indol, and skatol from the coloured halogen 
products; and the facts are significant in connection with the properties 
of the substance under description. There is indeed not the smallest 
doubt that our substance is the much-sought tryptophane. The 


1 Zeit. f. physiol, Chem. x11. 220. 1888. 2 loc, cit. p. 222, 
3 Zeit. f. physiol. Chem. xxxut. 164. (1901). 
4 Ber. deutsch. chem. Ges. 28. 1. 560. (1895). 5 Ibid. 31. 1. 1604. (1898). 


6 Zeit. f. physiol. Chem. xxvt, 501, (1899). 
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product which it gives with bromine is identical in all respects with the 
red-violet. substance given by the original mixture from which it is 
separated when this is treated in the recognised manner for obtaining a 
tryptophane reaction. It is to be borne in mind however that the red 
derivative has certainly never yet been obtained pure, owing to the 
extreme difficulty of separating it from the medley of bromine derivatives 
which are got upon adding the halogen without previous separation of 
the precursor. Our substance moreover does not appear to yield the 
brown-violet substance (Nencki) or the black substance (Kurajeff) 
which are associated with the red-violet body when bromine is added to 
a digestion mixture. These possibly arise from other precursors. It is 
none the less desirable, perhaps, that the new compound, which is the 
mother substance of the most characteristic coloured product, should 
continue to receive Neumeister’s' designation of tryptophane. Con- 
tinuity of nomenclature will be thus secured. 

Nencki held that tryptophane when isolated would be found 
related to the melanins. It is perhaps worth while to note that our 
substance though obtained in pure colourless crystals shows great 
proneness to undergo brown pigmentation on heating with acids or even 
with water alone. | 

We may refer in conclusion to the belief of Nencki that in skatol- 
amido-acetic acid would be found the precursor of those indol derivatives 
which arise during the putrefaction of proteids. It is an interesting 
coincidence, if no more, that the empirical formula of the new substance 
suggested by our analyses is exactly that of this unknown acid. 


SUMMARY. 


The authors have elsewhere shown that the Adamkiewicz reaction 
depends upon the presence of glyoxylic acid in the acetic acid. The 
separation is now described of a crystalline product, produced during 
tryptic digestion, which itself gives the reaction with glyoxylic acid i in 
a typical manner. 

The composition of the substance corresponds with the formula 
C,,H,,N,0,. It yields abundantly skatol and indol on heating and 
gives the pine-splinter reaction direct. 

The substance yields also a red derivative with bromine, and is itself 
the hitherto unisolated tryptophane. 


: 1 Zeit. f. Biol, xxv1. 829. (1890). 
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ON DIURESIS AND. THE PERMEABILITY OF THE 
RENAL CELLS. By ARTHUR R. CUSHNY. (Five 
Figures in Text.) 


(From the Pharmacological Laboratory of the University of Michigan.) 


THE process of secretion in the renal cell may be resolved into two 
distinct phases—the entrance into the cell of the molecule to be 
secreted, and its extrusion. Any molecule penetrating the cell is 
extruded by it, and the force employed in executing this is the question 
at issue between Ludwig and Heidenhain, which has engaged 
the attention of most subsequent workers in this field, An equally 
important subject is the relative tendency of different molecules to 
enter the cells, or the permeability of the latter. And in fact if this 
could be determined for the glomerulus, the question of the force 
employed in extruding the molecule would also be decided, since the 
followers of Ludwig admit that unless the glomerulus is permeated 
with practically no resistance by the non-proteid constituents of the 
plasma, the theory of Ludwig must be abandoned (Tammann', 
Starling’); for the blood-pressure is insufficient to overcome any 
osmotic resistance such as would oppose itself if the capsule resisted 
the passage of any of the non-proteid constituents. On the other hand, 
the Bowman-Heidenhain theory, that only water and the inorganic 
salts are excreted through the glomerulus, involves the conclusion that 
the capsule is only partially permeable, permitting the entrance of salts 
but not of urea, sugar, &c. The glomerular fluid according to this 
view contains the salts in the relative proportion in which they oceur 
in the urine. 

In the tubules the reabsorption of certain constituents of the 
glomerular fluid postulated by the mechanical theory requires the 
partial permeability of the cells, which permit the entrance of certain 
solids and of water, while rejecting others, such as urea. Some of the 


1 Zeitschr. f. physikal. Chemie, xx. p. 180. 1896. 
2 This Journal, xxtv. p. 317. 1899. 
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glomerular fluid doubtless escapes without. coming into intimate contact. 
with the walls of the tubules, and this would reach the ureter in the 
same state as it left the glomerulus, were it not burdened with the 
rejected constituents of that part which came into more immediate 
connection with the absorbing cells. The larger the fraction escaping 
the selective influence of these cells, the more closely must the urine 
come to resemble the glomerular fluid’. According to the theory of 
vital secretion, the cells of the tubules resemble those of the capsule 
in being partially permeable, but here urea can penetrate, while the 
salts of the plasma are rejected. Heidenhain, it is true, is not quite 
clear in his account here, for he ascribes the excess of fluid to the 
tubules in the diuresis induced by urea and salts’, and this seems to 
suggest that the salts also are excreted here when _ present in such 
excess as to induce diuresis. : 

Both theories thus admit the partial permeability of the cells 
of the tubules, for while the mechanical view requires that a fluid 
corresponding to the plasma in all points except in its content of 
proteids shall pass along the exterior of the cells and there be subjected 
to a selective diffusion, the vital theory involves the passage of the 
lymph along the internal surface of the cells and the permeation of 
certain of its constituents. As regards the behaviour of the individual 
constituents the two views are diametrically opposed, Ludwig holding 
that the urea fails to diffuse into the cells, while the chloride finds 
ready entrance; Heidenhain supposing that the urea penetrates and 
that the chlorides are rejected. 

_ The relative amount of any two solids in the urine, e.g. of chloride 
and urea, is determined by two factors if the mechanical theory be 
correct, their relative amount in the blood and the resistance each 
meets in entering the cells of the tubules. According to the theory of 
vital secretion, it depends upon (1) the proportion in which they exist 
in the blood, (2) the degree in which they are capable of permeating 
the cells by which they are severally excreted, and (3) the activity of 
these cells. 

My attention was directed to the relation of the salts to the renal 
epithelium by the observation that the chlorides of the urine were 
considerably augmented in the glycosuria induced by phloridzin. Katsu- 
yama noted a similar increase in the sodium and chloride in caffeine 


1 Cf. Starling. This Journal, xx1v. p. 323. 
2 Hermann’s Handbuch, v. p. 339, 
3 Zeitschr. f. physiol. Chemie, xxvi. p. 587; p. 235. 
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and urea diuresis. This cannot easily be explained on the prevailing 
Bowman-Heidenhain theory, and seemed to indicate some ‘relation 
between the chlorides and the renal cells different from that of the 
other urinary constituents. The excretion of the salts by the kidney has 
recently been investigated by Magnus? and Gottlieb, who compared 
the behaviour of sodium chloride solution injected intravenously in one 
series of animals with that of the sulphate in another series. In order 
to eliminate differences in the degree of hydremia induced, Magnus 
used solutions of equal osmotic pressure, his hemaglobin estimations 
showing that in this way approximately the same dilution of the blood 
was obtained. More recently Sollman* has confirmed and extended 
Magnus’s observations by a similar method. The actual amounts of 
chloride and sulphate were not equal in these experiments, and in fact 
approximated the proportion of 3:2. Before I became acquainted with 
Magnus’ sresults I had adopted a method which eliminates the difference 
in the degree of hydrsemia induced by the salts and at the same time 
permits the injection of equal quantities—namely, the simultaneous 
‘injection of the two bodies under examination. And as the difference 
in the behaviour of two such bodies as the chloride and sulphate of 
sodium* are obviously due to the acid radicles, the solution injected 
was made up so as to contain an equal number of these. The standard 
was a normal solution of sodium chloride (Cl = 3°55 per cent.) and the 
sodium sulphate solution was made up to contain an equal number of 
sulphate radicles; 1.e. SO, = 9°6 per cent. (or sodium sulphate 14:2 per 
cent.), Similarly a solution of sodium phosphate was formed, neutralized 
with phosphoric acid and diluted until it contained 9°5 per cent. of PO,. 
The urea solution ordinarily used was 6 per cent. When equal quantities 
of two of these solutions were mixed, the resulting fluid contained an 
equal number of the bodies under consideration, the anions in the case 
of the salts, or urea. Of course when such a mixture was injected into 
the blood no such equality was maintained, but the excess of chloride 
and of sulphate in the body was at any rate equal, and the results of 
this excess were the first objects of investigation. 

The rabbits used in my experiments were anesthetised with 


1 Arch. f. exp. Pathologie u. Pharmakol, xutv. p. 68 (I.);. p- 896 (IL); p. 210 
(III.); Gottlieb. Magnus, Ibid. p. 223 (IV.) and p. 248 (V.). 

2 Arch. f. exp. Path. u. Pharm, xuv1. p. 1. 

3 Most of my experiments were done with these two salts, as their behaviour towards 
other organs suggested that the kidney would react very differently towards them, and at 
the same time the sulphate is only slightly poisonous, ) 
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urethane (1°5 g. per kg.), or where the urea was to be estimated, with 
paraldehyde (1 g. per kg.). A Naunyn-Pfaff cannula was bound in the 
bladder and a ligature tied round the bladder between the orifices of 
the ureters and of the urethra. The animal was kept warm and the 
urine collected for 2—8 hours in order to ascertain the normal rate of 
secretion and where possible to obtain enough for chemical examination. 
When, as not infrequently happened, the secretion was insufficient 
for this purpose, some of the urine obtained from the bladder at the 
operation was added to it. After the normal secretion had been 
ascertained, a cannula was tied in the jugular vein and attached to 
a burette containing a warmed mixture of the two solutions under 
examination, which was allowed to flow in at the rate of 1—4c.c. per 
minute according to the toxicity of the salts used. The first 2—4c.c. 
of urine collected after the infusion commenced was not used for 


analysis as it contained some normal urine from the bladder and 


cannula. 30—50c.c. of solution was injected and the urine was collected 


every fifteen minutes during the diuresis and afterwards every half-hour 


or hour. The first experiments were performed with chloride and 
sulphate of sodium, the mixture actually injected containing 1°775 gr. 
of Cl and 4°8 gr. of SO, in 100c.c. The chloride of the urite was 
determined by Volhard’s method, the total sulphate by precipitation 
with barium chloride and weighing. 

Exp. I. A rabbit of 1500 grms. weight was anesthetised with 3 grms. urethane. 


12.30 p.m.—2.30 urine collected 4¢.c. 2.35—3 infusion into the — vein of 50c.c. 
of the solution of chloride and sulphate of sodium. 


Sulphate 


Time ine.c. ine.c. (Cl) urine urine percent. (SO, urine per cent. 
12,30—2.30 4 0°078 0012 
(per 15’) — 0°5 0004 0°078 00015 
2.35—2.50 36 69 0-639 *258 ‘0073 ‘373 1‘728 349 0036 
3.05 14 32 0°2485 -°1039 “0029 ‘3248 0°672 -352 ‘(0037 
3.20 — 11°5 0214 0006 "1864 0021 1°75 
3.35 — 5°5 
40 — 85 — 
4,20 3 
4.85 2-5 0 0 0 338 0035 2°94 
4.50 — 26 
Total 50 1383°5  °8875 «3900 ‘O11 2°4 1°495. 0155 
2.35—4.50 


In the above analysis, as in all others in this paper, the chloride and 
sulphate are stated in terms of Cl and SO,, rn the base, In 
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the columns marked “ chloride equivalents ” and “sulphate equivalents ” 
the total amount in the urine is divided by the atomic weight of 
chlorine and the molecular weight of SO, in order to permit of a 
comparison of the number of chloride and sulphate radicles present in 
the urine. In the accompanying curves of excretion the amounts are 
those of these two columns. 


— 


15 300s 45 60 75 90 105 3S 
Fig. 1. Curve of excretion in Exp.1. The heavy unbroken line represents the urine, 
the light line the sulphate equivalents ( = we)" The broken line the chloride 


equivalents ( = 358): The duration of the injection is indicated by the heavy line 
along the base. 


This. experiment was repeated a number of times with practically 
the same results, the only difference of importance being that the 
chloride did not generally disappear entirely from the urine as in 
Exp. 1. It always fell to a mere fraction of that present in the earlier 
part of the experiment, however, and the percentage also diminished. 
~The uniform result in this series was a marked diuresis, the fluid 
excreted much exceeding that injected; the diuresis began within a 
few minutes of the commencement of the infusion and diminished after 
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its termination, but the secretion did not fall to the normal during 
the observation, t.e. within 2} hours after the injection began. The 
chloride of the urine rose with the injection, not only in absolute 
amount but also per cent., attained its maximum with the maximal 
diuresis, and then rapidly fell in absolute amount and per cent. In the 
course of 2—24 hours the percentage reached that of the normal urine 
or below it, and in some cases towards the end of the experiment no 
reaction was obtained on the addition of silver nitrate. 

The sulphate of the urine rose in absolute amount immediately 
after the injection began and reached its maximum about the same 
time as the chloride; but it fell more slowly and never disappeared 
from the urine within 2—3 hours of the injection. The percentage of 
sulphate rose during the injection and continued rising throughout 
the time of observation, the urine finally containing 2—3 per cent. of 
sulphate. The whole of the chloride and sulphate: injected was not 
excreted when the experiments were broken off. This is the more 
remarkable because there must have been in Exp. I. an excess of 
chloride in the tissues at a time when there was no chloride in the 
urine. Magnus? noted similarly that after an infusion of dilute salt 
solution there may be a large surplus of water and salt in the tissues, 
while the urine has returned to its normal quantity. 

The total weight of chloride excreted from the beginning of the 
injection to the end of the experiment was less than the total weight 
of sulphate, this agreeing with the result of Magnus. Even when the 
quantities were reduced to equimolecular values the sulphate radicles — 
were considerably more numerous than the chlorides in experiments 
lasting two hours or more. In the earliez stages of the experiment 
however (marked diuresis), the chloride ions exceeded the sulphate. 
Thus in Exp. I. between 2.35 and 3.20 the equimolecular ratio of the 
total chloride and sulphate excreted was 108:94. In the course of the 
next 1} hours it changed to 110:156. The great mass of the chloride 
thus appears early in the experiment, while the sulphate is more evenly 
distributed throughout the time of observation. Magnus’ statement 
that the sulphate is more readily excreted by the kidney than. the 
chloride (harnfahiger) thus seems to require some qualification, for in 
_ the stage of marked diuresis the chloride appears in larger quantities. 
An invariable feature in my experiments was the parallelism of the 
water and chloride of the urine; they rose and reached their maximum 


1 I. p, 83. 
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together and then fell together, though in some cases the chloride 
disappeared while there was still a small secretion of fluid. The 
sulphate also ran. parallel to the others in the first stage of marked 
diuresis, but then fell much more slowly than either, as is shown by — 
the graphic representation in Fig. 1, 

_ The variation in the relative amounts of chloride and sulphate in the 
urine in different phases of the diuresis suggested the determination of 
the amounts in the blood at different stages. In the rabbit sufficient 
blood for examination cannot be drawn repeatedly without vitiating the 
results, and a series of experiments was accordingly performed in the 
same way as the first series except that some of the animals were bled 
to death during the diuresis and others at later stages. The urine was 
_examined for chloride and sulphate each 15 minutes. The blood was 
defibrinated, the serum obtained by the centrifuge, and the proteids 
precipitated by boiling with acetic acid. The filtrate and washwater 
were neutralised, evaporated, and charred, and the salts repeatedly 
extracted with boiling water and estimated by the methods adopted in 
the examination of the urine. The changes in the urine corresponded 
to those observed in Exp. I., so that it is unnecessary to give them 
in detail. 

Exp. II. Rabbit of 1660 gr. weight anesthetised with 2°5 gr. of urethane at 11 a.m. 
From 2.50—3.10 p.m. 25¢.c. of a mixture of equal parts of 5°85 °/, NaCl and 14°2°/, Na,SO, 
was infused into the jugular vein. The animal was bled to death at 3.11. From 3.5—3.10 
the urine amounted to 28c.c., so that the animal was killed at the height of the diuresis. 
In the urine the chloride amounted to 0°1044 gr. (-373 per cent.), the sulphate to 0°153 gr. 


(546 per cent.). The serum contained 0-547 per cent. of chloride and 0°259 per cent. of 
sulphate. 


Exp. II. A rabbit of 2000 gr. weight anwsthetised with 3 gr. of urethane. 2.50—3.20 p.m. 
40.c.c. of the same mixture was infused into the jugular vein. The course of the experiment 
resembled that of Exp. I. From 4.5—5.20p.m. 12c.c. of urine were collected and the 
animal was then bled from the carotids. The urine last collected (12¢.c.) contained 
0114 gr. chloride (0-095 per cent.) and 0°24 gr. of sulphate (2°0 per cent.), while the serum 
contained 0-493 per cent. of chloride and 0-191 per cent. of sulphate. 


Chloride Sulphate 
per cent. 
Exp. II. (diuresis) Serum 0: 0259 
Urine 0°546 
Exp. III. Serum 0°493 0°191) 
Urine  0°094 2°0 


() Three hours after the infusion of sulphate in the dog, Magnus found none of it in 
_ the serum, but he states that dogs excrete it much more rapidly than rabbits. 


Thus the kidney secretes in the first stage a urine in which the 
chloride stands to the chloride of the plasma in the ratio of about 2 : 3, 
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while in the last phase it bears the proportion of 1:5. The sulphate 
of the urine in the first phase bears the ratio of 2:1 to that of the 
plasma, in the last phase of 10:1. The relative amounts of the salts in 
the blood thus do not appear to be the chief determining factor in their 
excretion. Nor do these experiments support the theory that the 
kidney recognising the presence in excess of some constituent in the 
blood proceeds to excrete it, for the excess of chloride was the same as 
of sulphate, yet they were not equally eliminated. The same failure of 
the kidney to excrete the useless while retaining the valuable con- 
stituents of the blood is evident in many of Magnus’ and Sollmann’s 
results, and was well exemplified in several of my experiments in which 
sodium sulphate was injected alone and in which there was therefore no 
excess of chloride in the plasma. 


Exp. IV. A rabbit of 2100 gr. weight anmsthetised with 3 gr. urethane. Urine collected 
from 12.0—2.30=14¢.c. (normal). 2.35—2.57, infusion of 30 c.c. sodium sulphate solution 
(14-2 per cent.). 


In this animal the chloride available for excretion by the kidney 
must have been small in amount, since the normal urine contained only 
0:08 per cent., yet the injection of chloride-free sulphate was followed 
at first by a larger excretion of chloride equivalents than of sulphate. 
This lasted but a short time, it is true, but it is sufficient to demonstrate 
that the.excess over the normal of one salt in the blood does not lead to 
a corresponding excess of that salt in the urine. In some of the other 
experiments in which only sulphate was injected the chloride increased 
to a marked extent but did not actually exceed the sulphate units 


Chloride in Chloride Sulphate Sulphate 

Water Urine Chloride urine in in urine Sulphate Sulphate inurinein in urine 

Time injected inc.c. in urine equivalents per cent. injected inurine equivalents per cent. 
12-0—2, 30 14 *0116 083 021 "149 
in 15 mins. 1°4 “0012 083 "149 
2.35—2.45 l5cc. 50 "1171 0033 1°44 gr. °2778 “0029 *555 
2.45—8.0 15 65 "1592 "0045 *245 1°44 5057 ‘778 


in the urine. In these experiments the diuresis was not so marked | 


as in Exp. IV. A similar result will, however, be noted in Exp. VII. 
The relative amounts of chloride and sulphate in the urine thus 
vary independently of their proportions in the plasma and also of 
the degree in which each is present in excess. In Bowman and 
Heidenhain’s scheme the proportion of sulphate and chloride in the 
urine is that of the glomerular fluid and is determined by the amount 
of each entering the secretory cells of the capsule and the activity 


of these cells. The secretory activity of these cells can scarcely be 
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held to differentiate between the two salts in solution, but can only 
tend to expel impartially those constituents which enter its field 
of action. So that the proportion in which they are secreted must be 
determined by the proportion in which they enter the cells, that is by 
their relative concentration in the lymph and their ability to diffuse 
into the cells. As the proportions in the urine are not dependent 
on the concentration in the plasma, the adherents of the theory of 
special secretion must resort to the explanation that the permeability 
of the cells of the capsule varies during the course of the experiment, 
being greater for chloride in the beginning and for sulphate in the later 
phases. Further, the special secretion may act to the disadvantage of the 
organism (Exp. IV.), and may in fact, as in some of Magnus’ and 
Sollmann’s experiments, lead to the retention in the body of the cause 
of disturbance and the elimination of the remedy. 

The changes in the urine described may be explained much more 
simply on the view that the tubules alter the glomerular fluid by 
absorbing some of its constituents.. Sollmann has already discussed 
this possibility, but rejects it because he believed that if absorption 
occurred the organic and inorganic constituents of the urine would be 
equally affected by it, which does not appear to me to be a necessary 
corollary. To explain my results the only assumption necessary is that 
the sulphates are absorbed by the tubules with greater difficulty 
than the chlorides. In the first stage of hydremia (Magnus) and 
diuresis both pass into the lumen of the capsule in large quantity along 
with the fluid, and the whole passes through the tubules so rapidly that 
much of it fails to come into intimate contact with the lining epithelium. 
The urine thus resembles the glomerular fluid as far as these salts are 
concerned. In the later stages, as the hydremia passes off (Magnus), 
the flow from the glomerulus becomes slower and, the fluid remaining 
longer in the tubules, each molecule bas an opportunity to enter the 
cells. Much of the chloride follows this route along with some of the 
water and probably some sulphate, while most of the sulphate, failing to 
diffuse into the lining epithelium, appears in the urine. The diffusible 
constituents of the glomerular fluid therefore decrease in the urine 
together, both in percentage and absolute amount; the sulphate diffusing 
with greater difficulty, decreases in absolute amount owing to the 
smaller percentage in the blood and also probably owing to some of it 
being absorbed, but increases in percentage because the fluid in which it 
was originally dissolved escapes in large part through the epithelium. 
An analogy may be drawn with the behaviour of the intestinal mucous 
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membrane, which ordinarily absorbs almost all the chlorides of the food, 
but which allows some to escape in the feces when the movement of 
the bowel is accelerated by a purge and less time is allowed for the 
chlorides to lie in contact with the walls. 

The slow permeation of the sulphates through the walls of the renal 
tubules is in accord with their behaviour towards other cells. Their 
slow absorption in the intestine has led to their use as saline cathartics 
and appears to be due to their failure to penetrate the epithelial cells. 
The red blood corpuscles similarly are permeated much more slowly by 
the sulphate than by the chloride of ammonium’, and gelatin discs take 
up less fluid from sulphate than from chloride solutions’. Many 
colloids, such as the globulins, are thrown out of solution more readily 
by the sulphates than by the chlorides*, and some crystalline substances 
resemble them in this‘, On the other hand, certain membranes seem to 
absorb sulphate solutions as readily as chloride, as was shown for the 
pleura by Leathes and Starling’, and was rendered probable for the 
capillary walls by Magnus‘ and Sollmann. 

The slow absorption of the sulphate in the renal tubules, which 
I have assumed, is therefore not without analogy, and certainly explains 
the changes in the relations between the chlorides and sulphates of the 
urine more easily than is possible on the view of special secretion. 
Another feature in the urinary secretion of the rabbit may also be 
explained in this way—the appearance of large amounts of precipitate 
which is a characteristic of the normal urine. These salts were origin- 
ally excreted in solution according to both Ludwig and Heidenhain’s 
views, and it is much more simple to explain their precipitation by the 
reabsorption of the solvent in the tubules than by any other hypothesis. 
Heidenhain attempts to account for the presence of particles of 
indigo blue in the tubules by their precipitation by the salts of the 
glomerular secretion, but an even more doubtful theory would have to 
be formed to explain the precipitation of these carbonates without 
absorption of some constituent by the tubules. It is needless to state 
that this absorption is not a simple diffusion such as Ludwig at first 


Gryns, Arch. f. d. ges. Physiol. p. 86. Hedin, Ibid. p. 229, and 
p. 525. 

2 Hofmeister, Arch. f. exp. Path. u. Pharm. xxvutt. p. 210. 

3 Lewith, Arch. f. exp. Path. u. Pharm, xxiv. p.1. Hofmeister, Ibid. p. 247. 

4 Pohl, Zeitschr. f. phys. Chem. x1v. p.151. Young, This Journal, xx1. p. xvi. 

5 This Journal, xvi. p. 106. 
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assumed. Some unknown force causing a current from the lumen to- 
wards the blood must be assumed here exactly as in the intestine. 
Which constituents of the glomerular fluid shail be subjected to this 
force, however, is determined by their diffusibility into the cells’. 

The further question as to the diffusibility of the chloride and sul- 
phate through the glomerular capsule could be determined absolutely 
only by a comparison of the serum with the glomerular filtrate, but my 
results afford some indirect evidence on the point. During diuresis, less 
absorption taking place in the tubules, the urine resembles the glome- 
rular fluid more closely than usual, but even here absorption probably 
occurs. In Exp. II. the 28 c.c. of urine last secreted contained 0°153 gr. 
of sulphate and 0°1044 gr. of chloride. This amount of sulphate corre- 
sponds to that contained in 59 c.c. of serum, which would carry also 
0°3227 gr. chloride. Thus if there had been no absorption, and all the 
constituents of the plasma except the proteids had passed through the 
capsule, the urine would have amounted to 59 cc. with 0:3227 gr. 
chloride and 0°153 gr. sulphate. The two alternative interpretations are 
that sulphate permeates the capsule more readily than either water or 
chloride, or that 31 ¢.c. of water and 0°2183 gr. chloride were reabsorbed © 
in the tubules. In view of the absorption of chloride and water in the 
later phases and the inherent improbability that sulphate diffuses 
more readily than water, the latter view is certainly the more plausible 
—that some absorption takes place even during the diuresis; but no 
inference can be drawn from this experiment as to the relative perme- 
ation of chloride and sulphate through the capsule. Some evidence 
however may be gathered from the curves of excretion of the chloride 
and sulphate. The infusion of a strong salt solution induces hydremia, 
followed by diuresis and deficient absorption of water and chloride, and 
the chloride of the urine must thus increase with the hydremia and 
diuresis. If the sulphate permeates the capsule as readily as the 
chloride and water, its amount in the glomerular fluid and urine 
must vary with the amount in the blood, that is in this case with the 
amount injected and the hydremia. The maximum of sulphate, 
chloride and water excreted, must thus correspond in time, if they 
pass the capsule equally readily, while if the chloride penetrates 


1 Magnus (II) and Sollmann injecting dilute solutions of sulphate intravenously in 
dogs did not observe the marked increase in the chlorides of the urine which I have 
described. But the sulphate was present in much higher percentage in the urine than in 
the serum (2--3°/, Magnus), which indicates a large absorption of fluid and with it of 
chloride in the tubules. : 
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less rapidly its maximum’ may be expected to occur somewhat later 
than those constituents which pass without resistance. In some of 


my experiments performed in the same way as Exp. I. the maximum 


sulphate excretion‘actually appeared to occur somewhat later than the 
maximum chloride and water, so that I supposed at first that the 
sulphate met some opposition in its passage through the capsule. 
But the periods during which the urine was collected were too long, 
and in several experiments, therefore, the urine was collected for 


every five minutes during the diuresis and each sample was analysed. 


separately, 


Exp. V. A rabbit of 1670 gr. weight anwsthetised with 2°5 gr. of urethane. 12.27—3.2, 
urine=2°7c.c. 3.3—3.23, infusion into jugular vein of 30c.c, of a mixture of equal parts 
of 14-2 per cent. Na,SO, solution and 5°85 NaCl solution. Some urine found in the 
bladder was added to the normal urine to permit of analysis. 


Fig. 2. The curve of excretion corresponding to Exp. 5. The lines represent 
the same constituents as in Fig. 1. 


Urine Chloride Chiorid valents Sulphate Sul in urine 
Time injected inec.c. injected in as urine percent. injected in cna urine per cent. 
12.27—3.2 .— 2°7 0036 ‘0001 133 “026 “0002 0°97 
3,.3—3.8 94 7 1686 0007 343 *456 0712 0007 1-018 
3.18 6 14:2 1065 050 0014 ‘855 ‘288 1047. ‘0011 *787 
3.18 8 25'4 142 099 "384 
3.23 64 20 1154 077 "0022 887 “0015 "715 
3.28 — 76 — 026 0007 B43 0732 0008 963 
8.33 2°8 — 007 0002 — 0406 0004 1°46 
3.38 2°6 005 0001 1775 “0481 0005 1°85 
1 not analysed for chloride 0742 0008 2°06 
3.53 —_ 13 
8.58 ” 3 "0538 ‘0006 2°24 
4,3 1°0 
- § 10 158 20 25 30 35 40 45 50 55 60 65 
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Exp. V. and the corresponding curve show that the maximum 
sulphate excretion falls at the same time as the maximum chloride 
and water excretion and also that the rise of each constituent begins 
together, and these experiments thus all fail to indieate any difference 
in the rate of diffusion through the capsule of the sulphates, chlorides _ 
or water. I had anticipated some difficulty in the permeation of 
sulphate from its behaviour in the intestine and elsewhere, but appa- 
_ rently. the capsular membrane resembles the endothelium of the pleura 
_ rather than the epithelium of the intestine in its relation to sulphates 
and chlorides. That is the capsular membrane is unable to differen- 
tiate between sulphate and chloride, which penetrate it equally readily. 
The greater height of the chloride curve, which is especially marked in 
Exp. I., might at first sight be taken to indicate a greater diffusibility 
of the chloride, but really is explained by the larger amount of chloride 
in the blood, as will be shown in the experiments on urea. It was 
impossible to inject sulphate in large enough quantities to equal the 
chlorides of the blood owing to its poisonous action. 

The question as to the relative permeability of the water and the 
_ chloride of the plasma through the capsule presents the same difficulty 


as that of the chloride and sulphate. In all my experiments the 


chloride and water ran parallel during the diuretic stage, and both fell 
together in the later phases, though the chloride often decreased more 
rapidly than the water, for reasons which will be discussed later. The , 
chloride of the urine in the diuresis never was higher in percentage 
than that of the serum, but approached very near to it occasionally. 
Thus in one experiment the urine at the height of diuresis contained 
0°408 per cent. of chloride, the serum 0°419 per cent., the two being thus 
practically identical in content of chloride. 

If the filtration hypothesis be correct, the salts must diffuse through 
' the glomerulus with the same ease as the fluid, resistance being 
offered only to the proteids. The results obtained in my experiments 
show no facts incompatible with this, although it must be admitted 
that they do not offer any indisputable evidence in its favour. 

The second salt examined was the phosphate of sodium. A solution 
of disodic-hydric phosphate was neutralised with phosphoric acid and 
the percentage of phosphate ascertained by titration with uranium 
acetate with cochineal as an indicator. The solution was then diluted 
until it contained 95 gr. of phosphate (PO,) per litre and mixed with an 
equal amount of sodium chloride 5°85 per cent. solution. The mixture 
containing 1°775 gr. Cl and 4°75 gr. PO, per cent. was infused more 
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| slowly than the chloride-sulphate mixture, as phosphate is much more 
poisonous. The phosphate of the urine was determined oy titration 
with uranium acetate. 


Exp. VI. A rabbit of 1600 gr. weight anmwsthetised with 2°5gr. urethane. 12.0—2.30, 


normal urine = 82c.c, 2.45—3.30, infusion into the jugular vein of 50c.c. of the 
phosphate-chloride mixture. 


Time injected Urine injected in urine "hoe per cent. ected in urine a yore per cent. 

12.0—2.30 — 32 026 0007 ‘082 008 “024 

in 15’ — 0026 082 024 
2.45—8.0 145 28 ‘9574 0874 0025 88 ‘1138 -0012 495 

8.15 185 46 $284 1845 ‘oos2 8787 2677 582 

3.30 3017 1044 “86 8075 2619 0027 ‘9 

8.45 0404 OO011 84 1688 0018 1°36 

40 — 4:95 

4.15 0177 «0005 “222 1691 0018 2°11 

4.30 

4,45 

5.0 ‘009 ‘0002 0585 0006 1°54 

5.15 

5.30 

Totals 50 ‘8875 4447 “0124 1-088 0109 


If Exp. VI. is compared with Exp. I. the excretion of chloride is . 
found to bear practically the same relation to the sulphate of the latter 
and the phosphate of the former. The increase in fluid is accom- 
panied by a rapid increase in the chloride and phosphate; all three 
reach their maximum together and then fall, but the phosphate excretion 
diminishes more slowly than the others. The phosphate falls somewhat 
short of the sulphate excretion of Exp. I. but the close analogy between 
the two permits of the same inferences as were drawn from the sulphate 
excretion. In order to permit of a comparison between the elimination 
of the phosphate and sulphate directly, two experiments were performed 
in which equal parts of the phosphate and sulphate solutions were mixed 
and injected. 

This experiment confirms the inferences drawn leis @ comparison 
of Exp. I. and VL, that the phosphate resembles the sulphate very 
closely in its excretion by *the kidney. Rather more sulphate than 
phosphate occurs in the later stages, indicating that the latter is the 
more readily absorbed by the tubules, or that it is deposited or 
eliminated from the blood in some other organ. It is to be remarked ~ 
that during the diuresis more chloride equivalents are excreted than 
sulphates ‘or phosphates although no chloride was wai 4 in 1 fact 
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at the height of diuresis (3.45) almost as many chloride ions appeared 
as both of the other constituents together. As the diuresis passed off 
the chloride fell to a mere trace, while the sulphate and phosphate 
lessened more slowly in absolute amount and increased in percentage. 
A similar increase in the chloride of the urine without any injection of 
this salt was discussed in reference to Exp. IV. 


\ 
\ 
A 
15 30 45 60 75 90 105 120 135 150 


Fig. 3. The curve of excretion of Exp. 7. The lines correspond to those of Fig. 1. 


The phosphate excretion runs so near that of the sulphate that it was impossible 
to reproduce it. 


In a number of experiments a normal solution of urea (6 per cent.) 


was mixed with an equal quantity of normal sodium chloride solution 
(5°85 per cent.). The urea of the urine was estimated by the Morn er- 


Sjokvist method. 


Exp. VIII. A rabbit of 1300 gr. anmsthetised with 2-0 gr. of paraldehyde. 12.0—2.30, 
4 c.c. of urine collected. 2.35—2. 57, infusion of 50c.c. of the urea and chloride mixture 


cl Cl in Urea Urea Urea 
Fluid Ci Cl in uivalents urine Urea in in urine in urine 
Time injected Urine injected urine urine percent. injected urine _ equivalents _ per cent. 
12,.0—2.30 — 4 ‘0011 028 108 27 
for 15’ *4 0001 028 0108 00018 27 
2.385—2.50 384 30 *6834 1416 004 472 1°155 ‘1197 "399 
3.5 48 2041 2573 536 845 208 ‘90384 423 
3.20 14 0758 0021 0672 -O011 48 
5.50 0122 0003. "358 — 0692 2°04 
Totals 50 1079 8875 5556 ‘0155 15 6378 0107 
2.35—5.50 


1 Some urine found in the bladder was added to this for analysis. 
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_ Exe, IX. A rabbit of 1325 gr. weight was anwsthetised with 2 gr. paraldehyde. 
2.80—3.15 p.m. the urine amounted to 6¢.c., to which some urine previously collected 
was added for analysis, 3.15—3.40, infusion of 60c.c. of a mixture of equal parts of 
solution of urea (20 per cent.) and sodium chloride (normal). 


Chioride Chloride Urea Urea in 
Fluid Chloride Chloride: uivalents inurine Urea Urea valents urine 
Time injected «per tn urine “Wome per cent. 
3.153.380 80 88 5825 1470 0041 387 30 ‘417 0069 1:098 
8.45 30 114 53825 $670 ‘0160 497 380 1:38 0280 1-21 
4.0 1015 31 0051 1°41 
5.0 
5.30 — 0074 0002 “185 — 085 0014 1°54(?) 
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Fig. 4, Curve of excretion of Exp. VIII. The heavy line represents the fluid, the light 
the urea equivalents, and the broken the chloride equivalents; i.e. the urea of the 
urine divided by 60, and the chloride by 35:5. 


In Exp. VIII. the urea and chloride of the urine run parallel during 

the diuresis, attain their maximum with it and commence their descent 

together. The fall in the urea soon becomes slower than that of the © 
PH, XXVIL, 29 
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chloride however and the former remains at a hi shes "level The 
percentage of chloride undergoes changes similar to those seen in 
Experiment I. except that it is unusually high for some time after the 
diuresis had practically disappeared, a point noted in several other 
experiments in which urea was injected with chloride. The percentage 
of urea was high in the normal urine and fell abruptly during the 
diuresis, to rise again gradually as the quantity of urine returned to 
the normal. The urea thus resembles the sulphates and phosphates, 
apparently passing through the capsule readily but failing to penetrate 
the epithelium of the tubules so readily as the chloride. Urea is 
generally regarded as one of the most readily diffusing constituents of _ 

the body, and it seemed improbable that it would be rejected by these 
cells; but it has been shown by Overton that urea permeates 
vegetable cells’ only very slowly and that when tadpoles are put in 
a weak solution, it passes into the blood and tissues so slowly that 
24—36 hours or more are required to establish equilibrium between the 
animal and its environment*. Somewhat stronger solutions actually 
withdraw water from the tadpole. So that the behaviour of the 
epithelium of the renal canals towards urea is not without analogy in 
other living cells. In the ureter, bladder, and urethra the mucous 
membrane must possess a similar lack of affinity for urea, otherwise 
much of it would be absorbed from the urine. 

I have tacitly assumed above that the urea is not secreted by the 
cells of the tubules, but escapes from the glomerulus along with the 
water and salts. The complete parallelism between it and the chloride 
during the diuresis and the resemblance its course throughout bears to 

-that of the sulphate and phosphate certainly suggest this view. And 
_ Iam not aware of any evidence whatever that the urea diverges from 
the salts in its excretion. Bowman appears to have suggested that — 
the specific constituents of the urine required a special excretory 
apparatus, and Heidenhain and his followers accept this without 
examination. There is however no inherent quality in urea, as far 
as is known, which would require it to be differentiated from the salts 
in its excretion, and such evidence as can be drawn from my experiments 
indicates a common method of excretion for all. 

Exp. [X. differed from No. VIII. in the chloride and urea not being 
injected in equimolecular solution but in the proportion of 3:10. If 
the rabbit’s blood be taken at ;, of the body weight, the whole blood of 


1 Zeitschr. f. physik. Chem. xxu. p. 189.- 
2 Studien iiber die Narkose, p. 120, Jena. 1901. 
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the animal in this experiment would contain ‘388 gr. of chloride’, and 
probably the whole available fluids of the body would scarcely contain 


WN 


Fig. 5. Curve of excretion in Exp. 9. The interpretation is the same as in Fig. 4. 
_ Fig. 5 is reduced to } the height it would occupy on the same scale as Figs. 1—4. 


more than 1—2 gr. at a liberal estimate. To this was added 6 gr. of urea 
and about 1 gr. of Cl. The urea must obviously have exceeded the 
chloride in the blood and lymph. The only essential difference between 
the results of Exp. VIII. and IX. is however the excess of urea 
molecules over the chloride, which is present in the stage of diuresis as 
well as later. This experiment and another performed in precisely the 
same way are the only ones in which the chloride did not exceed the 
other constituent injected in the stage of diuresis, They are also the 
only ones in which another body was present in the blood in larger 
amounts than the chloride. The inference seems justifiable that the 
excess of chloride in the urine during the diuresis in other experiments 
is due not to any special affinity between it and the renal cells, but to 
its preponderance in the serum. Doubtless if sulphate could be injected 
in such quantity that it exceeded the chloride in the blood there would 
prove to be more sulphate than chloride in the urine during the 
diuresis. In other words, provided the absorption of the tubules is 
sufficiently in abeyance, the relative amount of the constituents of the 
urine is determined by their relative proportions in the blood, When, 


1 Abderhalden, Zeitschr, f. physiol. Chemie, xxv. p. 65, 
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however, as in the later stages, the absorption is active, the constitution 
of the blood has comparatively little effect upon the constituents of the 
urine. 

As the excretion of urea seemed to resemble that of the sulphate 
and phosphate in its general character, the standard solutions of 
sulphate and of urea were mixed in equal parts and injected in four 
experiments. In these the urea and sulphate of the urine reached the 
maximum together and then decreased in absolute quantity while the 
percentage of each rose. The urea equivalents actually excreted were 
fewer than the sulphate at each stage, so that at the end of the 
experiment only about one-half of the urea injected had reappeared in 
the urine, while two-thirds to three-fourths of the sulphate had been 
excreted. The sulphate thus appeared to be more readily eliminated 
(harnfahiger) than the urea. The explanation probably is that the urea 
disappears into the tissues from the blood more readily than the 
sulphate, so that though the number of molecules injected was the 
same, the blood at any moment actually contains fewer of urea than of 
sulphate. The fact that the excretion runs parallel indicates that each 
permeates the capsule equally readily, and the high percentages in the 
later phases shows that they are absorbed with difficulty by the tubules. 
The relative permeability of the two could be determined only by 
injecting such quantities that the urea in the blood would equal the — 
sulphate throughout the experiment, which is difficult if not — 
to attain in the intact animal. 

Attempts to compare the excretion of potassium, magnesium, and 
ammonium with that of sodium failed owing to the poisonous action of 
these bases. 

_ Starling regards the diuresis following the injection of salts as the 
resultant of two factors, (1) the hydremic plethora and consequent rise 
_ in the pressure and velocity of the blood in the kidneys, (2) a direct 
dilator effect of the injected substance on the renal vessels. Magnus 
brings forward several objections to this view and concludes that the 
hydremia changes the activity of the secretory cells. Among the 
grounds for his rejection of the mechanical explanation, the weightiest 
seems to be that sodium sulphate causes a greater diuresis than the 
chloride although in his experiments each induced an equal degree of 
hydremia. The sulphate diuresis also lasted longer than the chloride, 
the urine returning more slowly to its normal amount. He infers from 
this that there must be some local factor apart from the hydremia. This 
local factor is, I think, supplied by the more difficult absorption of the 
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sulphate by the tubules. For if the sulphate remain unabsorbed the 
epithelium must meet a greater opposition to the absorption of. fluid 
than if a readily permeating salt such as the chloride were present 
alone in the tubules, and if the injection of each causes the same amount 
of glomerular fluid, less would be absorbed in the tubules and more 
reach the ureters in the case of the sulphate than of the chloride. The 
greater diuresis after sulphate injection then does not indicate any 
stimulation of the renal cells, and is quite consistent, with the idea that 

the diuresis is a direct result of the hydremia. The slow return of the 
urine to its normal amount may be explained in the same way, and is 
analogous to the continued diuresis in my experiments (No. I.) which 
persisted after all the chloride had disappeared from the urine. The 
work demanded of the renal tubules in reducing the fluid leaving the 
glomerulus to a solution containing 2—3 per cent. of SO, must be 
_ enormous, and even the opportunity offered by the slow passage through 
the tubules is insufficient to admit of further concentration. Sulphates 
are not suitable in practice as diuretics because they are only slowly 


absorbed from the intestine. Otherwise, their "failure to return to the... ~ 


blood from the tubules would indicate their use in therapeutics for this 
purpose. Urea however seems admirably adapted as a “saline diuretic” — 
for it enters the blood readily from the intestine and appears to bé 
absorbed by the renal tubules with difficulty. The question may arise 
however whether it induces as great movement in the fluids of the body 
and hydremia as some of the inorganic salts. That it is of value as a 
diuretic has been shown by numerous clinical observers. | ; 
My results may be shortly explained as follows in conformity with 
the mechanical theory of renal secretion modified by’ the acceptation 
of active absorption in the tubules:—Strong solutions of sulphate, . 
chloride or phosphate of sodium, or of urea induce hydremia, which 
results in an increase in the fluid passing through the capsule. 
This fluid appears to carry with it the salts and urea in the 
proportions in which they occur in the plasma, there being no 
evidence that any of them permeate the capsule more readily than 
the others. The rapid flow through the tubules permits of only 
imperfect absorption, but a certain amount of the readily diffusing 
bodies (water and chloride) return to the blood; the less diffusible 
sulphate, phosphate and urea escape into the ureters with less loss by 
absorption, so that they may be present in the urine in a more concen- 
trated form than in the blood. The chloride being present in the plasma 
in larger quantities than the other salts, however, more of it is present 
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in the glomerular fluid, and although some is doubtless reabsorbed in. 
the tubules, enough remains in the urine to exceed the other salts 
during the diuresis if all be reduced to equivalent terms. If more 
urea than chloride be present in the blood, then the urea of the 
urine exceeds the chloride during the diuresis. As the hydremia and 
diuresis pass off, the flow through the tubules assumes more normal 
dimensions, and, more time being allowed for absorption, the diffusible 
bodies are taken up by the epithelium, while the indiffusible increase 
in percentage in the urine owing to the absorption of the water. The 
presence of indiffusible substances in the tubules retards the absorption 
of the water, so that sulphate induces a larger and more prolonged 
diuresis than chloride. It may be added that the same phenomenon | 
is seen in the bowel on comparing the behaviour of a weak sulphate 
solution with that of a weak chloride one; the fluid fails to be absorbed 
from the former, while that of the latter disappears rapidly with the 
salt dissolved. The epithelium lining the renal tubules is often com- 
pared to that of a true secreting gland such as the salivary, but it 
resembles that of the intestine as closely histologically, and in its 
reaction to chlorides, phosphates and sulphates is analogous from a 
physiological point of view. 
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AN EXPERIMENTAL ENQUIRY UPON GLYCOLYSIS IN 


DRAWN BLOOD. By F. W. PAVY, MD., LLD., F.RS., 


AND R. L. SIAU.. 


(From the Conjoint Laboratories of the Royal College of Physicians, 
London, and the Royal College of Surgeons, England.) 


BERNARD” in 1876 stated that sugar disappeared very rapidly from 
drawn blood. He asserted that dog’s blood became sugar-free on 
standing 24 hours at room temperature. 

_ In 1877—1879 Pavy® recorded observations showing that whilst a 


certain amount of progressive loss occurred, it was not to be compared 


with that represented by Bernard, and, moreover, even after decom- 
position amounting to putridity had occurred, he never found that the 
blood reached a state to be free from the possession of cupric oxide 
reducing power. The cupric oxide reducing power left amounted to 
0:2 to 03 per 1000 expressed in terms of dextrose. 

The subject was revived in 1890 by Lépine®, who has published 
a considerable number of papers upon it both alone and in conjunction 
with Barral or Metroz, and has based upon his work a theory to 
account for diabetes. Lépine™ states that aseptic normal dog’s blood 
loses on incubation at about 38°C. as much as 25 °/, of its sugar in one 
hour, whilst, on the other hand, in the blood of a diabetic person and 
in that of a dog rendered diabetic by removal of the pancreas, ‘the 
proportion lost is very much less, 

It must be noted that what Lépine™ speaks of as the “glycolytic 
power” of a blood is the percentage ratio of the sugar lost in one hour 
to that originally present, and that it is only when the loss is calculated 
upon this basis that diabetic blood can be said to show less glycolytic 
power than normal blood, the absolute loss found by Lépine being 
often equal in the two kinds of blood. 

Harley in 1891 published™ a series of experiments showing that 
a variable but always considerable loss occurred. His methods of 
analysis, however, it may be considered must be open to grave suspicion, 
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as the exceedingly small quantities of sugar found in some of the 
samples of blood employed by him are quite at variance with the 
experience of all other authors. 

Seegen gives” a few determinations and concludes that a loss of 
sugar occurs when blood is kept in a warm place, but that it is far from 
being as rapid as Bernard supposed. 

Arthus from numerous observations concludes that the dis- 
appearance of sugar is a post-mortem effect. He finds that the loss in 
unit time is very slight directly after the blood is drawn, and that it 
slowly increases, but his values are always much lower than Lépine’s. 
He considers that the destruction is brought about by a ferment which 
is generated in the blood after it has left the vessels. Colen- 
brander® comes to the same conclusion. 

Kraus™, working on other lines, Sansoni™ and Spitzer™ 
conclude that Lépine’s theory of diabetes based upon the glycolysis 
is devoid of foundation. 

Experiments have recently been undertaken by us upon the matter 
and we will proceed to record the results obtained. 

In the procedure adopted the blood was in every case drawn from 
the carotid of a dog anesthetised with a.c.E. and consequently contained 
somewhat more than the normal proportion of sugar. About. 500 c.c. 
of blood was collected in each case. 30c.c. portions of blood were 
delivered by means of sterile pipettes into sterile conical (Phillip’s) 
beakers provided with cotton-wool plugs, and exposed for the specified 
times in a room at 38°C. If sugar was added, 1, 15, or 2c.c. of a 
titrated dextrose solution was first delivered into the beaker from 
a burette. In each experiment duplicate portions of 30 c.c. were put 
into alcohol at once and were taken to determine the original sugar 
content of the blood. 

After the incubation was ended, 300 cc. of methylated spirit 
was added to each beaker and the contents well stirred to obtain as 
finely divided a precipitate as possible.’ The sugar was then extracted 
and its quantity determined by the ‘method which has now been 
employed by us for several years and has served as the foundation 
of much published work. It has been referred to in this Journal™ 
and elsewhere, but as everything in relation to this question turns 
upon the validity of the analytical procedure adopted, it is considered 
advisable by us that an account of it should be here given. 

After standing for at least 24 hours the precipitated proteids, &c. 
are stirred up in the alcohol and the beaker sunk into a water-bath — 
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and its contents thoroughly boiled. The alcohol is then poured off 
through a linen filter, and the coagulated proteids removed from the 
linen and rubbed down in a mortar to a fine powder, The powder 
. is then returned to the beaker, 100 to 150c.c. of spirit added, and 
again boiled for a few minutes, strained off, pressed, rubbed down and 
extracted with another 100 to 150 c.c. of spirit. The mixed extracts 
are placed in a distillation flask sunk in a water-bath at 60°C. and 
distilled under reduced pressure, nearly but not quite to dryness. To 
the residue in the distillation flask about 10 cc. of alumina cream“ 
and 20c.c. of water are added, and the whole briskly boiled on a sand- © 
bath, filtered through paper and the filtrate made up with washings of 
the flask and precipitate to 100c.c. The reducing power of the clear, 
pale straw-coloured liquid is determined with the ammoniated copper 
solution in the usual way, three titrations being made as a rule. 

It must be remembered that a volumetric determination is not 
absolute, as consecutive titrations varying by 01 c¢.c. may be obtained. 
When dealing with quantities of dextrose of about 50 mgrms., such 
a difference in the titration represents about 2 mgrms. This error 
in titration is to a certain extent discounted by taking a series of 
titrations, but nevertheless a variation of about 3 to 4 per cent. must 
be considered as within the limits of error of the process. 


Exp. I. Dog’s blood defibrinated by whipping in a covered beaker with feathers. 
Incubated in covered beakers. Maintained as far as possible sterile. 


Sugar in mgrms. Difference | 
found initial mgrms, per cent, 
Check I 59°5 
Chek .. 58 68°6 
Incubated 1 hour .. 55°5 58°8 - 83 - 56 
2 hours §3°2 58°8 - 95 
63 ,, 45°5 58°38 -13°3 — 22°6 
+ 048 g. dextrose incubated 1 hour 104°1 106°8 — 2°7 - 2% 
* 2 hours 104°1 106°8 27 2% 
‘ ” 6, 106°8 -175 —16°4 
| Expr. Ia. The same blood but incubated in open beakers. : 
| Sugar in mgrms. Difference 
initial mgrms. per cent. 
Incubated 1 hour ... 58°8 - 07 - 12 
2 hours 58°8 - 07 - 12 
42°4 58°8 —16°4 -279 
+ 048 g. dextrose incubated 1 hour 104°1 106°8 — 27 — 2° 
2hours 1001 - 68 — 6°4 
» 6» 893 1068 -175  -16-4 
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Here it is seen that no appreciably different result was obtained 
whether the blood was maintained sterile or was allowed to stand 
- exposed to the air. It is noticeable that the loss of sugar does not 
in any case exceed 7 mgrms. in the first 2 hours, and that only after 
6 hours does the percentage loss reach:22°6. After 6 hours’ incubation 
also the absolute loss is found to be greater in both the portions with 
added sugar than in the corresponding portions incubated without 
added sugar, but the percentage loss (the “pouvoir glycolytique” of 
Lépine) is less, | 

Exp. II. Defibrinated sterile dog’s blood. | 
Sugar in mgrms. Difference 


found initial mgrms. per cent. 

Incubated 1 hour ... 46°3 47°1 2 

” 2 hours ee see 46°3 47°1 - 12 - 2 

4} ” see 89°1 97°1 80 -~16 
+°050 g. dextrose incubated 1 hour 86-2 97°1 -10°9 

2 hours 883 $971 -138°8 -14 

” ” ” 44 ” 97°1 -190 -19 
+°100 g. 9s 138°8 147°1 88 6% 


1o.c, 4°/, NaF 


Here, again, the loss in the blood incubated. alone was very small in 
the first two hours, but it is seen to stand markedly greater in the 
blood incubated with 50 and 100 mgrms, of sugar. In the presence 
of NaF’, however, no such loss is observed. After 4} hours the loss 
both absolute and per cent. is greater in the blood incubated with an 
addition of 50 mgrms. of sugar than in the blood alone. 


Exr. III. Dog's blood. Coagulation, delayed by cooling, occurred during ineubation. 


Sugar in mgrms. Difference 
found initial mgrms. per cent. 
Incubated 1 hour... =... 88-4. 86-1 27 74 
31°3 . 861 - 48 -—13°3 
+°048 g. dextrose incubated 1 hour 84°1 + 29 + 
” ” 2 ” 84°0.. 84°1 - 01 - 01 
+072¢.  ,, 1081 81 - 28 
+°096g. ,, 132°0 132°1 - 0 - 01 
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In this case there is again a certain small progressive loss of sugar 
in the blood incubated alone, but in none of the portions incubated 
with additions of sugar is there any appreciable change to be seen. 


Exp. IV. Sterile dog’s blood. With 2°), Na citrate to prevent coagulation. 


Sugar in mgrms, Difference 

found initial mgrms. per cent. 

Check II ... 38°7 

Incubated 1 hour . 33°38 -4°4 -11%6 

+048 g. 1 856 85°7 - 
84°3 85°7 ~1°4 16 

+096g. 1883 188-7 -0-4 - 03 
+ g. dex 
4%), NaF 90-1 85°7 +4°4 + 51 


In this experiment, where citrated blood was used, a greater loss of 
sugar was found to have occurred in the specimen incubated for 1 hour 


_ than in any other instance in this series, but in no other portion is 


there a loss exceeding the limit of error of the method employed. 


CONCLUSIONS. 


1, The Jom of. sugar which occurs in dog's 
2nd hours after withdrawal from the animal is so insignificant as to 
render it difficult to see how it can have any physiological bearing. 
This is opposed to what is stated by Lépine, but accords with the | 
observations of most other writers on the subject. 

2. When the time of exposure is increased to 4 or 6 hours a 
more definite loss is met with, but even now it does not amount to 
anything large. Harmony exists between these recent results and 
those recorded by one of us (Pavy, Proceedings, Royal Society) in 
1879. 

3. It isa part of Lépine’s doctrine that the larger the amount of 
sugar present the larger is the loss that is found to occur™. This 
receives no support from the general issue of the experiments recorded 
here, and as a consequence the percentage loss will be influenced by 
the amount of sugar that happens to be present. Upon these premisses 
Lépine’s “ pouvoir glycolytique,” which represents the percentage loss, 
constitutes an expression which may be made to vary at will. 
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ON THE QUESTION OF THE FORMATION OF SUGAR 
IN BOILED LIVER. By F. W. PAVY, M.D., LLD., FRS. 
R. L. SIAU. 


(From the Conjoint Laboratories of the Royal College of Physicians, 
| London, and the Royal College of Surgeons, England.) _ 


On account of statements that have been made on this point and 
have found their way into standard works, we have deemed it adtis- 
able to subject the matter to experiment and will here record the 
results obtained. | 

In 1876 Abeles™ published the statement that sugar, in sufficient 
quantity to be recognisable by ordinary methods, was formed in a liver 
that had been previously rendered sugar-free by repeated boiling with 
water. 

Seegen and Kratschmer® state that they boiled rabbit liver with 

water and repeatedly washed it till the washings gave no trace of sugar 
reaction. They say that these last washings, after being allowed to 
stand 12 hours in presence of salicylic acid, gave on testing a neat 
reaction of sugar, and when left standing over the liver pulp, the 
solution became more and more saccharine. The statement is repeated 
by Seegen® in both editions of his book on glycogenesis, Seegen“ 
also says that if the precipitate obtained by adding alcohol to a 
decoction of liver is stirred up in water, sugar is gradually produced. 
- Schwiening® made a decoction of rabbit liver and incubated it 
for 69 hours in presence of chloroform. It was then tested for sugar 
and found to give a mere trace of reaction, but after having been placed 
aside for “many weeks” it gave with Fehling’s solution a very decided 
reaction, much cuprous oxide being deposited. From this and similar 
observations he concludes that a continuous production of enzyme 
occurs. 

In his allusion to these experiments of Schwiening, Reynolds 
Green says, this conclusion “seems a little difficult to understand, as 
the boiling not only killed the liver cells, but presumably destroyed any 
antecedent of diastase as it did the enzyme itself,” 
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In our experiments we have operated upon rabbit's and cat’s livers, 
and as the results obtained were the same in both instances, it will 
suffice to give one experiment in detail. 

The liver of a well-fed rabbit was excised immediately after death, 
minced, and thrown into boiling water. After 10 minutes the liquid 
was strained off through linen, and the liver squeezed, rubbed down in 
a mortar, and again boiled in water. This process was repeated seven 
times, when the extract was no longer found to give any reducing effect 
on Fehling’s solution. 

The pulp was then collected, pressed, and six equal portions weighed 
off into tubes which were plugged with cotton wadding and placed in 
the steam bath for half-an-hour to secure sterilisation. After cooling, 
to tubes A and a 20 cc. of sterile water was added, to B and b 20 cc. 
of 0°5 per cent. salicylic acid solution, and to C and c 20c.c. of water 
and 2c.c. of toluol. 

A, B and C were allowed to stand at laboratory temperature, while 
a, b and ¢ were placed in an incubator at 37°C. At the end of 
88 hours (34 days) the tubes were sunk for a few minutes into boiling 
water, and the contents after being filtered were tested with Fehling’s 
solution. In no case, in either series, was the slightest reaction 
discernible. | 

Portions of the liver pulp were incubated with Taka diastase and 
also with pancreatic enzyme. On testing with Fehling’s solution a 


- reduction was obtgined showing that glycogen was present. 


The conclusion to be drawn from these experiments is that in a 
sterilised state no sugar is formed in liver substance which has been 
subjected to thorough boiling, and this conclusion harmonises with 
what our general knowledge would suggest. 
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SPECIFIC GRAVITY OF THE BRAIN. By R. H. CG 
GOMPERTZ, BSc. Assistant Demonstrator of Physiology 
King's College, London. 


(From the Physiological Laboratory, King’s College, London.) 


THERE are considerable variations in the statements which have been 
made concerning the specific gravity of the brain (Bischoff*, Dani- 
lewksy*). The most complete research on the subject appears to have 
been that of Danilewsky, who examined various regions of the central 
nervous system. He attempted among other things to determine the 
area of the whole cortex by a comparison of the weight of the brain, its 
specific gravity (1038), the specific gravity of the grey matter (1033), 
and white matter (1041), and the average thickness of the grey matter 
(25mm.) De Regibus made similar calculations from the amount 
of water in the whole brain and in its two constituent substances*. 

Among more recent writers, Halliburton‘ has determined the 
percentage of water in various parts of the nervous system; this is 
especially high in the grey matter, and in those regions where grey 
matter is abundant. | 

The present research was undertaken at Professor Halliburton’s 
suggestion, as the matter had attracted his notice from an address 
on “Sex in Education” delivered by Sir James Crichton Browne’ 
some’ years ago. Among the differences between the brains of men and 
women, Sir James stated he had found that the specific gravity of the 
female brain is less than that of the male brain; this difference was 
due to a difference of specific gravity in the grey matter, that of the 


_ white matter being the same in both sexes. 


It was, however, pointed out in some correspondence that followed 
the publication of the address that this generalisation rested on very 


1 Sitzungsberichte d. K. Bayer. Akad. d. Wiss. 1. p. 847. Miinchen, 1864. 
2 Centralbl. f. d. med. Wiss, xvi. p. 241. 1880. ? 
3 See Quain’s Anatomy, m1. Part 1, p. 177. 1893. 
4 This Journal, xv. p. 90. 1894. 

_ © British Medical Journal, 1. p. 949, 1891, 
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few observations, the brains of two healthy men and one healthy woman 
having been investigated. Observations on the brains of lunatics, 
which were mainly used, can hardly be considered as likely to yield 
trustworthy results of what obtains in the normal state. 


It was accordingly thought advisable to examine the brains in a 
larger number of cases. The experiments have been limited to the 


cerebral hemispheres of adult men and women who suffered from no 
brain disease. The cause of death and the age of each patient is stated 
in the following tables. 


The brains were obtained as fresh as possible from the post-mortem — 


room, and protected from evaporation until the observations were 
made. 

As will be seen immediately there are considerable variations, which 
must in part be due to varying amounts of blood and lymph in the 
cerebral tissue. The only way to eliminate a changing factor is to 
obtain the average of a large number of observations. 

The first observations I will describe are those in which I attempted 


to ascertain the specific gravity of white matter and grey matter 


separately; only instead of taking the brains of two men and one 
woman, I took those of two women and one man. The weighings were 
made in air, and in water, and the following are my results: 


Specific gravity of 
Cause of death White matter Grey matter 
- Male, aged 35 Typhoid 10381 10263 (Optic thalamus) 
Female, aged 51 Scirrhus 1-0392 1:0335 (Cortex) 
Female, aged 49 Fractured spine 1°0391 1:0329 (Optic thalamus) 


If these numbers were relied ou, they would prove the exact 
contrary to what Sir James C. Browne stated to be the case. As 
a matter of fact they also showed me that there are considerable 
variations, and pointed to the necessity of making a larger number of 
observations in order to obtain an average. 

These further observations were made in a rather different way. 
There is considerable difficulty in obtaining sufficient of the grey 
matter, especially from the cortex, so as to be quite certain that there is 


no white matter mixed with it. If,one shaves off the grey matter a° 


little too deep in parts, there will be a variable admixture with white 
matter which will vitiate the results, Accordingly it was thought 
better to take a large piece of the brain from several regions, and 
estimate the specific gravity of the whole pieces, These were cut as 
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nearly as possible from the same regions in each brain. Care was 
taken to completely and rapidly remove the membranes, to select 
pieces where there was no portion of the ventricles or other cavities 
where’air might be imprisoned, to leave them in the water long enough 
to displace all entangled air, but not long enough to cause any solution 
of the brain substance. No correction was made in the weighings in 
air, for the small amount of air displaced. This, however, is a very 
small error, and may be regarded as practically constant; the resnits — 
are, therefore, correct from a comparative point of view. 
I will give my results in detail for the one case only. 


_ Male, aged 40. Died of fracture of skull. 


Grammes 
Frontal pole. Weight in air 
Specific gravity ... 1:0318. 
Rolandic area. Weight in air... 412275 


water ...  1°4155 
Specific gravity ... 10355. 
Occipital pole. Weight in air ... ... 41-9805 
Specific gravity ... 1°0368. 
It will be sufficient to give the other results with this one in 


tabular form. 
Specific gravities of male brains. 


Age Cause of death Frontal Rolandic Occipital Whole brain 4 
50? KCN poisoning 10348 1°0359 1:0390 10366 
40 Fractured skull 1-0818 1-0855 1-0368 1-0847 
85 Phthisis 1°0336 10349 1°0344 10343 
24 ‘Typhoid 10366 1:0379 10885 10373 4 
58 Pneumonia 10351 1-0358 10326 1-0345 
46 Pneumonia 1-0366 10365 1-0364 1-0865 
43 Pulmonary embolism 1°0381 1:0393 1°0387 10387 
Average sp. gr.  1-0352 10365 10366 10361 
Specific gravities of female brains. 1 
Age Cause of death Frontal Rolandic Occipital Whole brain 7 
72 Cancer 1‘0368 10405 1-0382 1°0385 
50 Run over 1-0339 10351 10318 10336 
51 Scirrhus 10363 10333 10348 10343 
24 Stone 1-0368 1-0383 1°0405 1-0385 
49 Fractured spine 10361 10871 10873 10368 
Average sp. gr. 10360 10368 10365 1-0364 4 
PH. XXVII. 30 4 
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In addition to the twelve brains included in the foregoing tables 
I have only examined one other, namely from a man aged 55 who died 
of uremia, and in whom the brain was markedly edematous. The 
results obtained from this brain are: 


Frontal pole sp. gr.......... 10280 
Rolandic area 1:0350 
Occipital pole , ...... 10307 


This low specific gravity is obviously due to the cedema. 

It will be noticed from the main results! shown in tabular form, 
that: 

1, My numbers are somewhat lower than those given by Dani- 
lewsky*. 

2. There are considerable variations between the specific gravities 
of different parts of the same brain, and of different brains in both 
sexes, 

3. That the average specific gravity is practically identical in the 
_two sexes, a small difference in the fourth place of decimals being 
negligeable. 

In conclusion, I may point out that a low specific gravity of the 
brain does not necessarily imply a poor quality, for the part of the 


brain which is most important and most active—the grey matter—has ~ 


a lower specific gravity than the white matter®.. 
Dec. 4, 1901. 


1 Since the above was written I have found in Poirier’s Traité d’ Anatomie humaine 
(Paris, 1899) a large number of observations on the specific gravity of the brain made by 
Peacock, Sankey, Bastian, Buckill, and others. The only one who touches the 


_ question of sex-difference is Peacock; he gives the average specific gravity of the male 


cerebrum as 1°034, and of the female cerebrum as 1°035. This difference which isin the 
same direction as the smaller difference I found is in Poirier’s opinion too slight to be 
considered as definite, especially in view of the great individual variations. 


2 They accord very well with the numbers given in Morris’s Anatomy, p. 726 (Ed. 1898) ; 


the source of the figures there quoted is, however, not given. 

3 A fallacy of this kind underlies many of the statements made on this subject in the 
discussion on the sex question. It is also seen in a communication made by J. P. H. 
Borleau (Lancet, 11. p. 485, 1882), in which he draws attention, in the examination he 
made of the brain of a highly gifted man, not only to the great weight of the brain, but 
‘also to its high specific gravity. ; 
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_ RETICULIN AND COLLAGEN. By M.CHRISTINE TEBB. 
(From the Physiological Laboratory, King’s College, London.) 


THE fibres of reticular or retiform tissue are anatomically continuous 
with those of areolar tissue, and are not distinguishable from them 
on microscopic examination’. Mall?, however, stated that no gelatin 
was obtainable from the fibres of reticular tissue, and that they were, 
therefore, chemically different from ordinary white fibres, The fact that 
gelatin is obtainable from reticular tissue was first demonstrated by 
R. A. Young*, and subsequently by Siegfried‘. Siegfried, however, 
confirmed Mall’s view that the fibres contained something special, and 
separated from them a material which he called reticulin, If such a 
chemical substance does exist, the point is by no means proved that — 
reticular fibres are different from white connective tissue fibres; it is at 
least equally possible that reticulin is not specially characteristic of 
reticular fibres, but is also present in all white connective tissue 
fibres. 

| Accordingly, at Prof. Halliburton’s suggestion, I sought by 
following Siegfried’s directions as closely as possible to separate 
reticulin from a typical form of connective tissue, namely, tendon. 
My failure to obtain this substance from tendon led me next to repeat 
Siegfreid’s experiments on the tissue with which he himself worked, 
namely, the mucous membrane of the intestine. Here, again, I failed 
to obtain reticulin ; the only organic substance present in appreciable 
quantity in the connective tissue basis is collagen. My experiments 
have led me to believe that Siegfried’s reticulin is'an artifact, and 
is mainly produced by the effect of ether and alcohol on collagen. 
These reagents render collagen very insoluble and hinder greatly its 
subsequent conversion by hot water into gelatin. 

1 Schifer. Quain’s Anatomy. 10th Ed. 1. p. 239. 1891. 
2 Anat. Anz. m1, No. 14, 1888; Abhandl. d. math. phys. Cl. d. k. Sachs. Sonal A 


Wissensch. xtv. No. 3, 1887; xvi. No. 4, 1891. 

$ This Journal, xm, p. 832. 1892. 

‘ “Ueber die chemischen Eigenschaften des reticulirten Gewebes,” Habitationsschrift, 
Leipzig, 1892, 
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Such being the main results of the investigation, I propose to 
support my statements by recording a number of typical experiments. 
‘It will, however, be first necessary to describe those of Siegfried 
rather more in detail. He used the mucosa of pig’s intestine, which he 
always obtained from a butcher whose assistant had been instructed 
in sepafating it from the submutosa. The mucosa of 8—17 pigs was 
placed in about 40 litres of water at 37°C. with 25—30 grms. of 
Parke Davis and Co.’s pancreatin, 50 grms. of sodium bicarbonate, 
and some sodium carbonate and thymol or chloroform. After 48 hours 
the tissue was well washed with water, collected by a centrifugal 
machine and freed from water by alcohol. It was then extracted with 
ether in a Soxhlet’s apparatus for several days. The tissue was again 
digested with pancreatin with less water for a further period of 
48 hours. After washing with water and drying with alcohol and 
ether, Siegfried describes the reticular tissue as being in grey strands, 
which swelled in water to porous membranes having the structure of 
the original tissue, and he says that the microscope showed pure 
reticular tissue free from connective tissue fibres and lymph cells. 
Siegfried’s principal statements concerning reticular tissue prepared 
in the manner described are as follows: 

(1) If it is boiled for half-an-hour, it loses its structure and is 
transformed partly into a loose powdery substance, which is the 
author's reticulin, and partly into gelatin. 

_ (2) Almost all the gelatin-yielding material can be extracted from 
the tissue by boiling for 20 minutes; and from this it is inferred that 
the material converted into gelatin is something other than collagen, 
which cannot be converted into gelatin in so short a time. 

(3) The percentage composition of the so-called reticulin is given 
as: C, 52°88; H, 6°97; N, 15°63; S, 188; P, 034; ash, 2°27. It 
differs from collagen in containing phosphorus, in yielding no gelatin 
on boiling, and in yielding little or no glutaminic acid on being boiled 
for 72 hours with hydrochloric acid. 

I now pass to the description of my own experiments, and will 
first take those in which I sought for reticulin in fibrous tissue, with 
negative results. 


Exp. I. Three-quarters of a pound of tendon (ox) was superficially freed 
from fat, cut into small pieces and left in water over night; after which 
it was finely divided and soaked in about 7 litres of saturated lime-water, 
occasionally renewed, with some thymol, for six weeks. It was then washed 
in a large quantity of water and for three minutes in 0-2 °/, acetic acid (which 
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did not more than neutralize the adherent lime), and finally in more water. 
It was then digested in a 2°/, solution of Benger’s liquor pancreaticus' (to 
_ which 0°5 °/, sodium carbonate and some chloroform were added) for 48 hours 
at a temperature of 37°C. The digestive fluid was then renewed, and the 
tendon was digested for a further period of 96 hours. The volume of fluid 
used in each case was about 15 litres. During digestion the quantity of 
tendon apparently diminished, pointing to the inference that some of the 
collagen itself had suffered digestion in spite of its never having undergone 
any preliminary treatment with acid? or boiling water. The tendon was 
ground in a mortar and digested finally for 2 days. It was then well washed 
and boiled in water for periods of half-an-hour at a time, the fluid being 
removed by decantation, and the tissue well washed after each period of 
boiling. The extracts always yielded sutisfactory jellies. After 3 hours the 
collagen had all been converted into gelatin, leaving only a powder which I 
_ found to be carbonate of lime with hardly a trace of organic matter ; it gave 
the faintest possible xanthoproteic reaction. 

Exp. II. In this instance the tissue was not subjected to the action of 
lime-water, nor to pancreatic extract. 25 grms. of finely divided tendon were 
boiled in 250 c.c. of water; the water was renewed once an hour or oftener 
for 7 hours, when the tissue was nearly all dissolved. The small residue 
examined microscopically proved to be of the structure of tendon fibres 
and showed the rows of shrunken tendon cells. The extract after the first 
20 minutes of boiling, yielded, on concentration, a firm jelly, showing that 
some conversion of collagen to gelatin had already taken place during that 
short time, in spite of Siegfried’s statement to the contrary. 


It would seem from these experiments that one of the results of 
the action of pancreatic digestion is to render collagen more easily 
convertible into gelatin. Siegfried notices, in the case of the mucosa 
of the dog, that previous treatment with pancreatic extract causes 
reticular tissue to fall to pieces on boiling much more rapidly than 
undigested tissue, and he says he has performed other experiments 
to show that pancreatic digestion has an influence on the rapidity of 
formation of gelatin from reticular tissue. 

Failing to detect reticulin in tendon, I endeavoured to obtain it from 
reticular tissue itself. I procured the intestines of two pigs, but in each 
case I found that the mucosa was difficult to distinguish and to separate 
from the submucosa, and that it was very thin, and I have, therefore, 
preferred to work with the tissues of dog and cat. In these animals 
_ 1 Tam indebted to Mr Benger for specially active preparations of liquor pancreaticus. 


The mentioned above wea never in sufficlent quantity to render the 
tendon acid to litmus. 
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the mucosa is thick and. very easily distinguished and separated from 
the whiter and firmer submucosa. As digestive fluids I have used 
either Benger’s liquor pancreaticus (usually in 25 °/, solution in 
0°75 °/, sodium carbonate), or else Parke Davis and Co.'s pancreatin 
which I obtained direct from the manufacturers at Detroit; of this 
I used generally 2°5 grs. to a litre of 0°5°/, sodium bicarbonate with 
some carbonate, this being a much larger proportion of pancreatin than 
Siegfried used. The mucous membrane contains a considerable 
quantity of mucin, which cannot be removed by simply washing for a 
few hours. This forms a slimy mass when alkali is added and impedes 
digestion. I therefore removed the greater part of the mucin before 
digestion by soaking the tissue for 24 hours in a 1 °%, solution of 
sodium carbonate. and then washing, repeating the treatment for a 
second period of 24 hours in some cases, It is remarkable that 
Siegfried makes no mention of the presence of mucin or mucin-like 
substances, | 

I have usually found that digestion of the cell substance takes 
much longer than the time Siegfried allowed, often as much as a 
fortnight, the digestive fluid being renewed every few days; and in 
many cases I have regarded it as impossible to remove the remains 
of broken-down cells; and this especially so, when I have attempted 
further digestion after the tissue has been extracted with ether. 

When digested tissue is boiled 24 hours with water I have always 
obtained a minute residue which gives the xanthoproteic reaction, and 
is probably coagulated undigested proteid or some substance corre- 
sponding. to anti-albumid. 

The following are typical of many experiments performed : 


Exp. III. The mucous membrane of the small intestine of a cat was 
washed in water and put into 250 c.c. of 1°/, sodium carbonate over night ; 
it was next day washed until no longer slimy, and put into 400 c.c, water 
in which 2 grs. sodium bicarbonate, 1 gr. carbonate, and 1 gr. Parke Davis 
and Oo,’s pancreatin were dissolved, chloroform being used as antiseptic. 
The whole was kept at 37° C. for 5 days. The tissue was washed, and boiled 
in 50 c.c. water for 20 minutes ; the extract was removed by decantation and 
was concentrated, The tissue was washed and then boiled with 50 c.c. fresh 
water; and so on repeatedly. Each extract before concentration gave a 
precipitate with tannin ; the first 6 extracts mixed together yielded a jelly ; the 
7th, 8th, and 9th extracts together yielded a jelly; the 10th gave a small 
quantity of tender jelly, and so did the 12th extract. After boiling the 
tissue for 2 hours, 40 minutes the fluid became more difficult to decant, as the 
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pieces of tissue were softer, but they were still curled as when the boiling 
commenced. The tissue now appeared to gradually wear away, little pieces _ 
breaking off ; but there was never at any time a falling to powder as described | 
by Siegtried: and the fact of obtaining a jelly from the 12th extract shows 
that all the gelatin-yielding substance had not been converted into gelatin — 
in 3 hours, 40 minutes. After boiling all night (with a long vertical tube 
fitted into the cork of the flask to avoid loss by evaporation), a small residue 
was left, which gave the xanthoproteic reaction. This was not reticulin, for 
according to Siegfried, reticulin when boiled for many hours continuously 
forms an opalescent solution. 


_ The next experiment is one in which the mucous membrane was 
extracted with ether. 


Exp. IV. The mucous membrane of the small intestine of a dog was 
soaked for 24 hours in 500c.c. of 1°/, sodium carbonate solution, and 
was then digested, after washing, with 400c.c. of 0°25°/, pancreatin in 
0-5 °/, sodium bicarbonate solution for 4 days and again for further periods of 
7 and 4 days. The tissue having been digested for 15 days, was well washed 
with water and then with alcohol, and was left during 23 days in ether. 
After this treatment the tissue was boiled during about 8 hours in successive 
volumes of water. The amount of water used during each operation was 
50c.c,, and the water was changed at intervals of from 20 to 80 minutes. 
After such boiling, the tissue was still unchanged in appearance, and the 
extracts did not yield jellies, even when several were concentrated together. 
The tissue was allowed to boil all night in 100 c.c. water and there was next 
day a slight residue; the fluid in which it had been boiled gave a precipitate 
with acetic and with nitric acid, and with tannin, and tbe a — 
xanthoproteic reaction. 


From this experiment it would seem that prolonged treatment with 
ether had hindered the formation of gelatin when boiling water acted 
on the tissue; and I proceeded to test this quantitatively. 


Exp, V. The mucous membrane of the small intestine of a cat was 
soaked for a few hours in 1°/, solution of sodium carbonate and was 
afterwards well washed in water and each piece was wiped with linen. It 
was divided into two equal parts (12-9 grs. in each). One part was put into 
400 c.c. of water already boiling and kept at 98° C. for 4 hours.. Small pieces 
of tissue (probably villi) became detached as soon as the tissue was put into 
boiling water. At the end of the 4 hours these were collected on a dried 
weighed filter, and they were later washed with water till there was no 
longer any cloudiness when tannin was added to the washings; afterwards 
with alcohol and with ether; the filter was then dried at 110°C. and 
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weighed. The tissue weighed 0-02gr. The larger pieces of tissue were 
severally washed well in water and were left in strong alcohol for 18 hours, 
in absolute alcohol for one hour and in ether for 7 days; they were then 
dried at 110°C. and weighed. The weight was 0°35 gr. Adding to this the 
weight of the small pieces, the whole weight of residue was 0°37 gr. 

The other portion of mucous membrane was put into strong alcohol for 
1 hour, absolute alcohol for 1°5 hours and ether for 7 days. It was then 
heated in 400c.c, water at 98°C. for 4 hours—no small pieces broke off 
as in the case of tissue not previously hardened with ether—the residue was 
washed with water and left in strong alcohol 18 hours, absolute alcohol 
1 hour, and ether half-an-hour, after which it was dried at 100°C. and 
weighed. The weight was 0:45 gr. 


It will be observed that the tissue was in each case under ether for 
the same length of time, so the loss of weight due to the removal of fat 
was in each case the same. The difference in weight may at first sight 
appear small; but it must be remembered that only a portion of the 
mucous membrane is composed of a gelatin-yielding material, there 
being much proteid present. 

It now seemed desirable to ascertain whether ether has a similar 
“coagulating” effect. on tendon fibres. Prof. Halliburton tells me 
that some years ago Dr T. G. Brodie performed in this laboratory 
some experiments with alcohol. The main results of Dr Brodie’s 
work, hitherto unpublished, are as follows: 

(1) Alcohol has practically no “coagulating” action on gelatin. 
Gelatin may be kept for weeks or months under alcohol, but after that 
lapse of time it is still readily soluble in hot water and the solution 
gelatinizes on cooling. 

(2) The effect of alcohol on collagen is, however, different. Even 
after a few days under spirit it is difficult to extract much gelatin with 
boiling water. After a few months none at all can be obtained. 

I have now found that ether has a similar effect on collagen. The 
_ following experiment shows the result in a quantitative way : 


- Exp. VI. Some tendon was finely divided and in the fresh condition 
three portions of 20:0 grs. each were weighed. One portion was put into 
alcohol direct. Another portion was stirred for a quarter of an hour in 
alcohol and was then put into ether. The third portion was treated as 
follows : | 

The tendon was put into a flask and 600c.c. of water already boiling 
were added, and the whole kept at 98°5° 0. for 3} hours, the flask being 
fitted with a cork and a long upright tube to prevent loss by evaporation. 
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The contents of the flask were poured on to a filter, previously dried to 
constant weight at 110° C., and the residue, being collected on a filter, was 
washed with cold water until the washings no longer gave any cloudiness 
with tannin. It was then washed with spirit (the tube of the funnel being 
fitted with a cork) which was allowed to remain all night. Next day the 
spirit was allowed to drain through, and the residue on the filter was treated 
with absolute alcohol for an hour, and with ether for a quarter of an hour. 
It was very hard and appeared dry ; it was now heated in an oven at 100°C. 
until the weight was constant. 

As a result of heating 20°0 gr. of moist tendon with 600c.c. water at 
98:5° C. for 34 hours, I obtained 4:00 grs. of dry residue. 

(In the above experiment I always used cold water for washing the 
tendon; because hot water, even when it does not boil, converts collagen 
to gelatin, as I showed thus: 5 grms. of tendon were kept in 25c.c. water 


_in presence of chloroform at 60° C. for 23 hours. The clear liquid was 


separated and the albumin in it precipitated by boiling with a few drops 
of acetic acid. This precipitate was filtered off and tannin was added to 
a portion of the filtrate; a heavy precipitate was produced ; the remainder 
of the filtrate on concentration yielded a firm jelly.) 

The portion of tendon which was left under spirit was after 45 days dried 
at ordinary temperature and treated with water exactly as above. The 
residue weighed 6:11 grs. 

The portion which was left under ether was after 43 days treated in 
exactly the same way; 6°54 grs. was left. 


This experiment proves quantitatively that ether and alcohol, acting 


for a prolonged period, render collagen much less easily convertible 


into gelatin. 

In no experiment on the boiling of reticular tissue with water, have 
I observed the falling to a powder described by Siegfried. On boiling 
the mucosa of dog after pancreatic digestion, he reports the falling to 
pieces in a quarter of an hour, whereas, if it were not previously 
digested this did not take place for one hour. I have also boiled 
undigested tissue, but even after 4 hours it was apparently unchanged ; — 
though when the tissue has been digested and not extracted with ether, 
I have noticed that it gets softer and begins to wear away during the 
second or third hour of boiling. 

In no case have I extracted nearly all the gelatin that can be 
obtained from a sample in 20 minutes as described by Siegfried. 
Where I have obtained jelly from the first extract I have obtained it 
in apparently equal quantities from later extracts; and where the 
tissue has been for a prolonged period under ether I have not obtained 
more than traces of gelatin in any extract. 
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Siegfried says that he boiled reticulin for 72 hours with hydro- 
chloric acid and tin chloride, and after removal of the tin saturated the 
concentrated fluid with hydrochloric acid at 0°C. After standing for 
many days in one instance no glutaminic hydrochloride had crystallized 
out, and in another instance there was only a trace. _ 

Not being able to obtain reticulin, I have treated reticular tissue, 
after it has been boiled in water 14—2 hours (which presumably 
Siegfried would consider longenough to remove all the gelatin-yielding 
substance), in a similar way, and have always been successful in 
obtaining a considerable deposit of small crystalline needles, which 

I believe to be glutaminic hydrochloride. 
As one of many experiments I will cite the following: 


Exp. VII. Some mucous membrane of the small intestine (cat) after 
digestion with 25°/, Benger’s liguor pancreaticus in 0°75 °/, sodium carbonate 
for nearly 3 weeks, the digestive fluid being renewed every few days, was 
washed in water and left to soak in distilled water, several times changed, in 
presence of chloroform, for 7 days. The prolonged washing with water was 
to remove the digestive fluid and products of digestion as far as possible. 
When examined microscopically the tissue appeared to be particularly free 
from cell substance. After treating for 2 hours with alcohol, the tissue 
was kept under ether for 7 days. It was dried at the temperature of the 
laboratory and its weight was 0°27 grms. This quantity was obtained from 
the mucous membrane of 9 cats. 

The dried tissue was boiled in 50 c.c. of water for four periods of half-an- 
hour, being well washed after each period of boiling. From every extract 
I obtained a firm jelly. Since Siegfried states that almost all the gelatin is 
removed in 20 minutes, I conclude that if glutaminic hydrochloride could 
now be produced, he would not consider it to have come from any remaining 
gelatin-yielding substance. | 

After boiling for 72 hours with 50 c.c. of 15°/, hydrochloric acid and a 
little tin dichloride, subsequently removing the tin by sulphuretted hydrogen, 
and concentrating the fluid to about 20c.c., I saturated with hydrochloric 
acid gas. In a few minutes there was a deposit of cubical crystals of 
an inorganic nature—presumably of sodium chloride—and later, after 
surrounding the vessel containing the fluid with a mixture of ice and salt, 
I obtained a considerable deposit of small needles. 


_ It is not possible to state positively without an elementary analysis 
that these crystals consist of glutaminic hydrochloride. The small 
amount of material at my disposal rendered this impossible; the 
difficulty of obtaining a larger yield will be evident from the fact that 
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the mucous membrane of 9 cats only gave me 0°27 gr. of raw material 
to start with. I, however, consider it extremely probable that they 
did consist of glutaminic hydrochloride; and my evidence is that their 
method of formation at a low temperature and their ready solubility on 
exposure to air when the hydrochloric acid evaporates, seems to preclude 
the possibility that they can be anything else. In crystalline form also 
they are similar to those which can be obtained from gelatin. I prepared 
crystals from gelatin itself under the same conditions, and in all the 
foregoing points they were identical with those obtained from the 
reticular fibres. The crystals obtained from gelatin I purified by 
recrystallizing twice, and determined the percentage of nitrogen in 
them by Kjeldahl’s method. The results of two experiments were 7°51 
and 7°57 per cent. of nitrogen. The calculated percentage of nitrogen 
in glutaminic hydrochloride is 7°64, and I think I am justified in 
concluding that glutaminic hydrochloride is the body: with which I have 
been dealing. 

Horbaczewski’ obtained glutaminic hydrochloride by the action 
of hydrochloric acid on gelatin, and this he identified by “re 
carbon, — and chlorine determinations. 


CONCLUSIONS. 


It will be seen that I have been able to confirm very few of 
Siegfried’s statements; and my main result is that reticulin does not 
exist either in ordinary white fibrous tissue (tendon) or in the reticular 
tissue of the intestinal mucous membrane. Both consist of fibres which 
are chemically and histologically identical; the main material of which 
they are composed is the gelatin-yielding substance called collagen. 

I regard Siegfried’s reticulin merely as collagen which has been 
“coagulated” by the reagents he employed (especially alcohol and ether) 
plus proteid and nuclein residues of cells. After treatment with these 
reagents the conversion into gelatin is much more difficult, not only in 
the case of a finely stranded tissue like reticular tissue, but even in 
such a dense material as tendon. 

The fact that Siegfried’s reticulin contains a small amount of 
phosphorus I attribute to the nuclei and other residue of cells. These 
(especially the cells of Lieberkiihn’s crypts) are much more difficult 
to get rid of by pancreatic digestion than Siegfried considers; on 


1 Akad, d. Wiss. Sitzber, Wien, txxx. 2, p. 117. 1879. 
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microscopical examination of the digested tissue many parts will be 
found free or all but free from cells, whereas on making further search 
other pieces of the same mucous membrane will show a great many ; 
on the whole, this is more marked in the dog than in the cat. 
Siegfried himself states that the phosphorus cannot be contained as 
nuclein because shaking reticulin with dilute nitric acid at 25° C. for 
half-an-hour will not produce phosphoric acid. Prof. Halliburton’s 
experience with nuclein from animal cells is that considerably more 
vigorous treatment than this is necessary to produce phosphoric acid 
from it. 

Siegfried states that reticulin yields to dilute alkali an organic 
compound containing phosphorus, soluble in chloroform and alcohol, 
and this he is inclined to attribute to something that resembles 
lecithin ; the body in question might on my hypothesis be also derived 
from cell-residues, 

With regard to the high percentage of sulphur, I would suggest 
that as he had previously removed from the tissue part of the collagen 
as gelatin (a substance poor in sulphur) the residue which he termed 
reticulin would contain a relatively high proportion of sulphur on 
account of the proteid admixture which would not have been removed 
by the boiling. | 

Coming next to the decomposition products of Siegfried’s reticulin, 
he states that glutaminic acid is absent. I have certainly always 
found a body which I believe to be glutaminic hydrochloride in the 
decomposition products of reticular tissue which has been treated 
in a manner which Siegfried states to be sufficient to remove all 
collagen. | 

I have already alluded to the difficulty of being quite sure on this 
point, for glutaminic acid gives no tests by which it may be readily 
recognized, and the amount I obtained was too small for elementary 
analysis. 

There are some small points on which my work differs from that 
of Siegfried; for instance, as to the relative length of time necessary 
to obtain gelatin from white fibrous tissue and reticular tissue re-— 
spectively. I have also never observed the falling to pieces of reticular 
tissue which Siegfried states occurs on boiling it. 
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ON RECORDING VARIATIONS IN VOLUME BY AIR- 
TRANSMISSION. A NEW FORM OF VOLUME- 
RECORDER. By T. G. BRODIE, M.D., Director of the 
Laboratories of the Royal Colleges of Physicians and Surgeons, 
London. (Eleven Figures in Text.) 3 


(From the Laboratories of the Royal College of Physicians, London, - 
and the Royal College of Surgeons, England.) 


THE recording of variations in volume of any part of the body has 
been attained in many ways, which we may conveniently consider as 
falling into two groups, in the first of which the organ is surrounded by 
a liquid, and in the second by air. In the first of these groups fall the 
earlier observations, such as those of Fick, Mosso, and Roy. To 
Schafer and Moore is due the credit of first employing air in the 
transmission of volume-changes, and since then it has been almost 
universally adopted. The disadvantages in the employment of liquid 
for transmitting volume-changes are chiefly two. The first lies in the © 
difficulty of ensuring that the pressure in the liquid at the surface of the 
organ remains constant throughout the whole experiment, and in 
keeping this pressure low. It is impossible to avoid the first of these 
two objections when rapid movements have to be recorded. The second 
great disadvantage entailed in using liquid is due to its great inertia, 
and it is chiefly from this cause that the older methods of recording 
have been discarded. | 

In employing air-transmission for recording variations in volume 
either a tambour or a piston-recorder has been used as the receiving 
instrument. But sufficient attention does not seem to have been paid 
by workers to the great difference entailed by the use of these two 
instruments. Many experiments with which I was engaged led me to 
attempt to make an instrument possessing a far greater range than the 
ordinary forms of piston-recorder obtainable, and the testing of the 
instrument I finally devised led me to work out many points of detail 
which are briefly described in the following paper. 

To record volume-changes accurately it is clear that the moving 
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parts of the recording instrument must possess as little inertia as 
possible and must follow volume-changes without setting up changes in 
pressure. Variations in volume can, of course, also be estimated by 
recording the variations in pressure set up by the compression or rare- 
faction of the enclosed air, but in order to deduct with any accuracy the 
real volume-changes, it is necessary, in each experiment, to calibrate 
the recording apparatus by writing the variations in pressure set up by 
injecting known volumes of air into the air-space. A tambour can only 
be employed in this manner, for the range within which it may be 
regarded as a volume-recorder is extremely limited. This range varies 

with each tambour, and depends upon the diameter of the tambour, the 
_ thickness and tension of the rubber covering it, and finally with the 
total volume of air contained within the tambour, connecting tubing, 
and receiving tambour or oncometer. A tambour is in fact a pressure- 
recorder rather than a volume-recorder. This is well seen from the 
following experiment. 

A small bottle, of about 150 c.c. capacity, was connected by rubber 
tubing 5mm. in internal diameter to a water manometer and to the 
tambour. This tambour was 30 mm. in diameter and was covered by a 
rubber membrane 0°2 mm. thick. Successive quantities of water, each 
05 c.c., were injected into the bottle, and after each injection the 
pressure in the manometer was read. The successive readings were 
8, 16, 32, 50 and 64mm. of water. Thus the pressure rises quickly to 
a considerable height. 

The same tambour was next covered with very thin rubber 
(0°04 mm. thick) and the experiment repeated. The pressures then 
obtained were 5, 10, 14, 18, 22 and 27 mm. of water. These changes 
of pressure are so considerable that for oncometric experiments in 
which a moderate range of movement is to be recorded it is very 
difficult, even impossible, to make the oncometer air-tight. Moreover 
these relatively high pressures must exert an effect upon the venous 
outflow. 

For these reasons and because it can never give a direct record of 
volume-changes a tambour should not be used in most oncometer work. 

For obtaining a direct record of volume-changes we have, therefore, 
up to the present, possessed only one instrument, viz. the piston-recorder. 
The first to make use of the general principle of this recorder was Roy? 

in his various forms of oncograph. A simple form was devised by 


1 Boy. This Journal, mt. p. 206, 1880, 
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Schafer’ for recording the contractions of the isulated frog’s ventricle. 
In both these instruments a liquid, oil, was used for transmitting the 
volume-changes, and therefore they possessed the disadvantages already 
described. The first to invent a piston-recorder registering by air- 
transmission was Ellis?, and a little later a modification of this was 
employed by Johansson and Tigerstedt*. The instrument was 
carefully tested by Hiirthle‘, to whom is due the form now commonly 
employed. The original instrument of Ellis is extremely sensitive, 
that is, it will respond to very minute volume-variations, but his pattern 
requires very careful handling. Recently, a more durable form has 
been described by Lombard and Pillsbury’, who also have used it for 
recording minute changes. For experiments of this class there is 
no other instrument which can be employed. 

For very many purposes the piston-recorder works admirably, but it 
possesses certain disadvantages. The first of these is the junction 
between the piston and cylinder. In order that the piston may move 
very freely it must not fit the cylinder too closely. _To render it air- 
tight it is therefore necessary to seal this junction with oil. In a long 
experiment this requires a good deal of attention, and moreover oil is 
continually leaking into the lower part of the cylinder, thus introducing 
an error into the volume-record. Very commonly tvo oil finds its way 
into the rubber tubing leading to the oncometer. The oil also damps 
the instrument, thus leading to the obliteration of many of the finer 
movements in the record. Recently Hiirthle has devised a form in 
which oil may be dispensed with. The piston is a light vulcanite cup, 
as in the old pattern, but it works in a metal cylinder which it 
accurately fits. This:is stated to be quite air-tight for all ordinary 
purposes and one is directed to use no oil. The instrument which I 
have received is by no means air-tight and is quite valueless for long 
experiments in which an accurate volume-record is required. One 
is therefore obliged to use oil and then the friction is considerable, 
because the fit of the piston in the cylinder is too close. Unless the 
recorder is quite air-tight the piston tends to move in the direction in 
which the movement being recorded takes place more quickly. 

But the greatest disadvantage of the piston-recorder is its limited 


1 Schafer. This Journal, v. p. 130. 1884. 

2 Ellis. Ibid. viz. p. 309. 1886. 

* Johansson and Tigerstedt. Skan. Arch. f. Physiol. 1. p. 345. 1889, 
* Hiirthle. Pftiiger’s Arch. um. p. 301. 1893. 

* Lombard and Pillsbury. Amer. Journ, Physiol. mx. p. 186. 1899. 
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range. Thus in the latest Htirthle recorder, which is provided with 
three sizes of piston and cylinder, the greatest available range for the 
smallest cylinder is 4°5c.c. For the medium-sized cylinder it is 8cc., 
and for the largest 14c.c. For such purposes as, for instance, recording 
volume-changes of the spleen during stimulation of its nerves, in which 
a diminution of volume. amounting to 15c.c. is often obtained, or in 
recording the output per beat of the heart these pistons are useless. 

The want of an instrument which would record considerable volume- 
changes and yet remain sensitive led me in the first instance to attempt 
the manufacture of piston-recorders of large diameter. They proved 
most unsatisfactory, and after attempting several modifications I had 
to abandon them. One form which gave moderately good results con- 
sisted of a very light cylinder, made of. thin celluloid, whose upper end 
was closed and the lower end sealed by dipping into a water cup. 
The instrument however possessed too much inertia, and thus the level 
of the water varied considerably, the water moving rather than the 
cylinder. To avoid this I used, instead of water, mercury covered with a 
layer of saturated mercuric chloride solution, the latter in order to 
reduce the surface tension of the mercury. This gave much better 
results, but was not altogether satisfactory. 


THE BELLOWS RECORDER. 


After many further attempts I finally hit upon the idea of making 
the receiver of the recorder in the shape of a small pair of bellows. 
This form has proved in many respects of great advantage. The only 
difficulties experienced in devising them were, in finding a material 
sufficiently strong, light and flexible, and in making them quite air- 
tight. These have been overcome by employing peritoneal membrane 
for the parts where flexibility is required, and by varnishing them with 
a dilute solution of boiled linseed-oil, which only slightly affects the 
flexibility. 

Fig. 1 gives a picture of one of these recorders. 

They are made in the following way. A base of metal, wood, or 
vulcanite, through the centre of which an inlet tube opens is first made. 
The base is rectangular, the ratio of the long to the short side being 
3:2. A rectangle of the same size is then.cut from a thin sheet of 
aluminium, and the centre of this is cut away, leaving only a rim of about 
5 to 10 millimetres width. This is then covered with paper which is 
fixed to it by dilute spirit varnish. This forms the top of the bellows 
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and it is then hinged to the base along one of the shorter sides. For 
this hinge I have found it best to employ a very thin flexible leather. 
This is fixed to base and cover by Prout’s glue, leaving about 5 mm. of 
leather between the two'. The leather is fixed so that it will lie 


Fig. 1. 
entirely within the bellows when finished. A piece of peritoneal mem- 
brane free from holes is next chosen and cut roughly into the required 
shape. I have usually made the sides of such a size that, when the 
bellows are completely distended, each side is an equilateral triangle, 
und the face opposite the hinge is thus of the same size as the cover. 
_ A piece of thin cardboard of the size of the cover is taken and the peri- 
toneal membrane is folded round this so as to form creases, which 
enables one more easily to fix it to the cover and base in the proper 
position. To fix the membrane I have found it best to use dilute 
spirit varnish. The membrane is first fixed at the end, the sides are 
then folded over, creased, cut if necessary to the right width and 
varnished down. If the amount of membrane is not sufficient to 
cover the whole of the hinge an extra piece is fixed in that position. 
In using the spirit varnish it is very important that those parts of the 


1 In fixing the leather to the base and cover no cement in the form of a solution can 
be used, for this soaks into the leather, which thus becomes stiff on drying. 
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membrane which are to form joints in the bellows should be un- 
touched by the varnish so that they may remain quite flexible. This 
is especially important at the hinge. When the spirit varnish has 
thoroughly dried the bellows are folded. The folding should be 
carried out so that the face opposite the hinge folds inwards to lie 
between cover and base, whereas the sides are folded outwards (see 
Fig. 1). | 

The whole is now coated with a varnish made by diluting boiled 
linseed oil with three times its volume of xylol. Two or three coats of 
this are applied at intervals of about half-an-hour. This makes the 
whole air-tight, but the flexibility still remains. Should the bellows at 
any time become too stiff all that is necessary is to paint them with 
xylol, and if they leak a coat of the drying oil varnish will, if they are 
properly made, at once render them air-tight again. They may be 
used while still wet if care be taken that the wet surfaces do not touoh 
one another. | 

In making large bellows-recorders I find it of advantage to make 
those parts which do not bend of paper, rather than of peritoneal mem- 
brane, because the latter is rather too pliable in large surfaces. All the 
bending parts must be made of the more flexible peritoneal membrane. 

I have given so many of the details of the manufacture of the 
recorders because it is quite easy to make them for oneself. They 
are also now being made by the Cambridge Scientific Instrument 
‘Company. 

Air blown into the helices lifts the cover which rotates about the 
hinge, and to record these movements is very simple. No further joint 
is required—all that is necessary is to attach a writing lever of the 
necessary length to the cover of the bellows at right angles to the 
hinge. If it is wished, the cover and writing lever may be counter- 
poised by a small weight, but this only adds to the inertia, and I 
therefore usually work without one. 

The advantages of this form of recorder are the following : oo 

(a) It is always ready for immediate use and — no preliminary 
adjustment. 

(6) It wears well and is not easily damaged, 

(c) It is extremely sensitive. 


(d) It can be made of any capacity, and even with very r large ones, 4, 


the weight of the moving parts is minimal. 
The last point is, perhaps, its greatest advantage. I have at present 
in use four different sizes. The smallest is 30 mm. long and 20 mm. 
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wide and possesses, a capacity of 7:5 c.c.; the second is 45 by 30 mm. 
with a capacity of 25.c.; the third is 60 by 40 mm. with a capacity of 
67 c.c.; and the largest is 120 x 80 mm. and —- a capacity of 
500 c.c. 

The smallest of these recorders is suitable for recording the volume- 
changes of such organs as the kidney, intestine, or the limb of a small 
animal, and shows the details of the tracing well. This size is approxi- 
mately of the same sensitiveness as the smallest piston of the Hiirthle 
recorder. In Fig. 2 is reproduced a tracing yielded by a short length of 
dog’s intestine. 


Fig. 2. Volumetric tracing of a loop of dog’s intestine. The large waves are due to 


pendulum movements of the intestine. The small waves are due to the heart-beats. | 


Taken by smallest bellows with magnification 8-fold. 


The second size of recorder I have used for cardiometric tracings in 
cats or rabbits. Fig. 3 gives such a tracing, which illustrates the effect 
of suprarenal extract upon the output of the cat’s heart. It is seen 


Fig. 3. ; Cat, anwsthetised with ether. Cardiometric tracing. A downward movement 
means decrease in volume. At the time indicated by the signal a watery extract from 


2 gr. of dried suprarenal was injected. Time record in seconds, Second size of 
bellows. Magnification 5-fold. 
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that the output per beat is increased, that the heart becomes consider- 
ably distended and at the height of that distension is marmedty slower 
in rate. 

I have used the third size of bellows for recording the contractions 
of the spleen in medium-sized dogs, or for recording the volume-changes 
of a lobe of the lung. Fig. 4 gives a tracing of the contraction of the 
spleen of a dog on excitation of one of its nerves. The total contraction 


Fig. 4. Medium-sized dog. Ether and morphia. Splenic volume. Contraction on 
exciting splenic nerve. Total volume-decrease 14 c.c. Third size of bellows 
Magnification 8-fold. 


Fig. 5. Same experiment as in Fig. 4, but with smallest bellows. Magnification 6-fold. 
a total amplitude of the large splenic wave is 2 c.c. 


ae a to 14c.c. In this figure the magnification is very small, and 
therefore the tracing only shows the splenic waves without any indica- 
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tion of the heart-beats or respiratory waves. For comparison I there- 
fore give Fig. 5, taken from the same animal immediately after the 
tracing of Fig. 4, but using the smallest bellows. In this the volume- 
changes due to heart-beat and respiration are very evident. 

The largest bellows, I have employed in recording the total air 
movements in respiration in small animals. Fig. 6 is such a record 
from an experiment upon a cat. The animal was anesthetised and 


Fig. 6. Total air-volume movements in respiration of a cat. Inspiration is recorded 
by a downward movement. Amplitude of movement 90 c.c. Largest bellows. 
Magnification 2-fold. 


a cannula tied in the trachea. This was connected by a short piece of 
wide rubber-tubing to a large bottle of 7 litres capacity. From this 
again a second tube led to the bellows. Inspiration is represented in 
_ the tracing by a down-stroke. The extent of the tracing indicates that 
the air inspired at each respiration amounted to 90c.c. An interesting 
feature of the tracing is that it shows variations of amplitude occurring 
in a regular series. So far as 1 am aware these waves have never been 
observed in a respiratory tracing. They are universally present in 
records obtained by this method and are now being investigated. 

The only form of apparatus which in any respect resembles the 
bellows-recorder is one invented by Gad! for recording the inflow and 
outflow of air in respiration. This instrument, which Gad terms the 
“ Aeroplethysmograph,” consists of a hollow wedge made of mica which 
rotates about one edge asa hinge. The lower edges of the wedge are 
immersed in water, thus enclosing an air-space into which the animal 
is made to breathe, a large air-space being interposed between the 
animal and the recorder. 


1Gad. Arch. f. (dnat. u.) Physiol. p. 181. 1879. 
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Having found that the recorder gave what were apparently very 
accurate tracings in many experiments, I next carried out a series of 
tests with the object both of comparing it with the piston-recorder and 
of studying the general problem of recording volume-variations by air- 
transmission. At the outset there were several points involving the 
bellows only, which had to be examined. The first of these is; is it 
necessary to counterpoise the cover and writing-lever? It will, of 
course, be best to avoid the use of a counterpoise if possible and thus 
reduce the inertia of the moving parts. 

The only possible error in working 
without a counterpoise is that there will 
always be a positive pressure within the 
bellows and oncometer during an experi- 
ment. This is however of no importance 
if that pressure be small, and remain con- 
stant. I therefore measured it for the four 
bellows described, and found it to be as 
follows :—In No 1 (ae. the smallest) it lies 
between 2 and 3 mm. of water; in No. 2 it 
is just less than 2 mm.; in No. 8 it is 
1 mm.; and in No. 4, 0°5 mm. of water. 
The pressure is the same for all positions 
of the cover. In all cases the same writing- 
lever was employed. It is 240 mm. long: 
and weighs 0°12 gr. It consists of a thin 
strip of cane 2 mm. wide and 0:22 mm. 
thick. To its end is gummed a strip of 
thin writing-paper 20 mm. long and 5 mm, 
wide. To the end of this is fixed a small 
bent glass writing-point. The use of the 
writing-paper gives greater flexibility and 
enables the writing-point to follow accu- 
rately any unevenness of the recording sur- 
face. By this writing-lever the magnifi- a i 
cation with the smallest bellows is 8-fold, Fig. 7. (Reduced by }.) Calibration 
1.€. the movement of the writing-point is of the first and third sizes of 
bellows. In (a) the volume-in- 
crease between two horizontals 
of the cover of the bellows. This edge, of is 0-5c.c. (smallest bellows); and 
course, moves more than any other point 
of the cover. was 24 cms. long. 
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The pressures caused by omitting to counterpoise are in all cases 
very small, and as they do not vary in different positions, we may 
conclude that the recorders can quite safely be employed without 
counterpoising. 

The next point tested was whether the recorder gave equal excur- 
sions in all positions for equal variations in volume. I found that if the 
bellows be made so that the sides are in the ratio of 3:2, and if the 
sides be folded as described above, the lever gave very nearly equal in- 
crements of movement for equal increments of air injected. This was 
tested by injecting equal volumes of water into a bottle, the air displaced 
being carried to the recorder. Examples of the tracings obtained in this 
manner are given in Fig. 7. In this tracing (a) was given by the 
smallest bellows, the successive horizontal lines indicating differences of 
0'5cc. of volume. Tracing (b) was given by the third size of bellows, 
and gives differences of 2 c.c. between two successive horizontals. It is 
seen that the excursions are fairly equal throughout the whole range. 
A similar tracing yielded by a piston-recorder gives the same result. 

In tracing (a), the magnification is 8-fold ; in tracing (6), 4-fold. 


EXPERIMENTS FOR TESTING ACCURACY AND SENSITIVENESS. 


In the next series of experiments tests were carried out to deter- 
mine whether the recorder always gave the same excursion on injecting a 
fixed volume of air, both for different positions of the bellows and on 
different days. Many such measurements have been made, and they 
show that the recorder may be completely relied upon in this direction. 

The next test was to find how quickly the recorder would respond 
to known volume-changes. The rapidity at which the recorder can 
work accurately is largely dependent upon the inertia of its moving 
parts; but it is also necessary that-the connecting tubing should not 
offer too much resistance to the air-movements. A simple and most — 
accurate test of the manner in which a recorder works consists in 
observing the air-pressure variations in the recorder, tubing or 
oncometer. A theoretically perfect recorder should show no measurable 
variations in pressure. I have tested the accuracy of the recorder in 
the following manner. A small pump was made to drive a known 
volume of water in and out of an enclosed space connected to the 
recorder and to a water-manometer. The pump was driven at varying 
rates and the movements of the recorder written upon a moving surface. 
The oscillations of the manometer were read at the same time. 
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Experimenting in this way it was soon found that irrespective of the 
recorder two other factors play a most important part. The first is the 
internal resistance of the air in its movements in the tubing, and the 
second is the nature of the writing-point. In the case of movements 
running a slow course, the resistance to the air is of little moment and 
we may therefore use a long length of tubing of even small diameter 
(2 to 8 mm.). With quick movements it is essential to employ wide 
tubing, and further, in order to diminish as far as possible the error 
due to the fact that the variation travels as a wave along the tube, it is 
necessary to keep the tube as short as possible. Thus in actual 
experiments I have found that in taking a cardiometric tracing the 
tubing leading to the recorder should certainly be not less than 10 mm. 
in diameter. In respiration experiments it should be 20 or even 30 mm. 
in diameter. 

The second condition is to make sure that the writing point is quite 
rigid in the vertical direction. Thus the writing-point above described — 
(p. 482), while excellent for small variations and for slow changes, is not 
suitable for rapid movements of considerable extent. The use of a thin 
strip of paper does not give it sufficient rigidity in the vertical direction. 
I have found it best to replace it by a fine writing-point of thin quill 
- such as is used in Hiirthle’s recorders, or in Verdin’s patterns of the 
Marey tambour. 

Having satisfied these conditions we may now return to the 
experiment the arrangement of which was described above. In the 
final tests of this kind the tubing leading from the pump to the recorder 
was 42 cms. long and 10 mm. in internal diameter. In describing the 
results, for the sake of comparison, similar experiments are given for the 
piston-recorder and tambour. 

(1) With the smallest pattern bellows-recorder the variations in 
pressure in the manometer, when volume-changes of 1°5 c.c. amplitude 
were rhythmically produced 80 times per minute, were 1 mm. of water. 
When the rate was increased to 160 per min. the oscillations were 
0:25 mm. (In this case the rate of change was too quick for the 
manometer to accurately follow the pressure changes.) 

(2) With the smallest piston of the Hiirthle recorder the variations 
were 1°5 mm. and 0°5 mm. respectively. 

(3) With a tambour 30 mm. in diameter and covered with rubber 
membrane 0°22 mm. thick the variations were 14 mm. and 45 mm. 
respectively. 

In this experiment therefore there is a slight advantage in favour of 
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the bellows over the piston-recorder, and both are far better than a 
sensitive tambour. | 
The next two figures (8 and 9) give the result of the test with 
regard to accuracy in recording the volume-change. The magnification 
of the record in both cases is five-fold. In tracing (a) of the two figures 


the rate at which the pump was worked was 80 per minute, in (6) it . 


Fig. 8. Fig. 9. 


was 125 per minute, and in (c) 160 per minute. It is seen from the two 


figures that, with the first two rates, both bellows and piston give 
accurately all the details of the rhythmic change and there is no 
alteration in the amplitude of the excursion. With the faster rate both 
recorders fail to give the complete amplitude, as judged from the first 
one or two excursions which were recorded while the motor driving the 
pump was working up to its full speed. There-is seen to be very little 
difference between the behaviour of the two recorders under the con- 
ditions of this experiment. 

If the two are tested with volume-changes of less extent both follow 


the movement completely with much faster rates of pumping. Thus | 
with movements 0°5 c.c. in amplitude both gave the full records even. 


when the rate of pumping was increased to 215 per minute. When the 
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rate was increased still further both finally failed, the piston-recorder a _ 
little earlier than the bellows-recorder. 

A further modification of this mode of testing, which I have 
employed, consisted in observing the variations in pressure caused by 
very suddenly driving air into the recorder: This was effected by 
_ allowing a weight, to suddenly fall upon and compress a wide rubber- 
tube connected to the manometer and recorder. The volume of the air 
driven in, in one of these experiments, was 3°2¢.c., and caused an 
oscillation in the water-manometer of 4 mm. water with the smallest 
bellows, and of 9°5 mm. with the small piston-recorder. 

In addition to testing the accuracy and rapidity with which the two 
recorders will respond to fairly large volume-changes I have also tested 
them with respect to sensitiveness, 7.¢. as to how small a change they 
will accurately record, and whether they will still follow minute changes 
when the time occupied by the variation is progressively diminished. 
Perhaps the most searching test of this character is that employed by 
Marey' in testing tambours. This consists in transmitting the 
vibrations of a tuning-fork to the recorder to be tested. The tuning- 
fork sets in movement the membrane of a transmitting tambour and — 
these oscillations are transmitted by air to the tambour or recorder. 
With especially light levers and very sensitive tambours Marey 
succeeded in recording 250 vibrations per second by this method. With 
the tambours I had at my command I only succeeded in recording 
50 vibrations per second well, the 100 per second record being unsatis- 
factory. With the smallest bellows-recorder I succeeded in recording 
50 vibrations per second easily, and 100 vibrations per second after 
a few preliminary trials. I reproduce two of these tracings in Fig. 10. 


Fig. 10. | Fig. 11. 


Fig. 10. Records of the vibrations of two tuning-forks transmitted from a tambour to the 
smallest bellows. In a the rate of vibration was 50 per sec. In b 100 per sec. The 
. drum was rotated by hand. 


In my hands the piston-recorder failed completely to respond to the 
50 per second vibrations. | 


1 Marey. Travaux de Lab., p. 88. 1875. 
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Another test of sensitiveness to minute changes consists in dropping 
a small weight from a known height on to a transmitting tambour con- 
nected to the recorder. This test was employed by Hiirthle' in 
comparing the piston-recorder with a sensitive tambour, and the results 
are given in his paper upon recording by air-transmission. He allowed 
a weight of 02 gr. to fall 5 mm. upon the central disc of a small 
tambour. In employing this method I have slightly modified the test 
in that the weight I used was only 0°105 gr. which fell 5 mm. on to the 
centre of, a thin rubber membrane 0°2 mm. thick stretched across 
a glass tube 43 mm. in diameter. No disc was fitted to the membrane. 

Fig. 11 gives the result of the two experiments, tracing (a) is that 
given by the piston-recorder’, and tracing (6) by the smallest bellows- 
recorder. In both cases the magnification was eight-fold. The extreme 
sensitiveness of the bellows is well brought out in this tracing; each 
impact of a shot is clearly indicated by a very decisive wave and the 
rebound of the membrane is seen in the parts of the curves below the 
abscissa line. In other respects the curves speak for themselves. 

As a result of these and many other tests of a somewhat similar 
kind, I conclude that the bellows-recorder is quite reliable as a volume- 
recorder. In all points of sensitiveness and rapidity of action it 
compares very favourably with the piston-recorder, which it excels in 
one direction, viz. that of range. It possesses the further advantage 
that it can be made of very large capacity without materially increasing 
the weight of the moving parts, and in these large forms it is quite as 
accurate as in the smaller. Moreover the weight of the moving parts 

in the bellows-recorder is considerably less than that e the similar parts 
_ in a piston-recorder of the same capacity. 

I would especially emphasise the following points, which should be 
observed in recording volume by air-transmission. 

(1) When details of rapid movements are required the tubing 
leading from transmitter to recorder should be of not less than 10 mm. 
in diameter, and should be as short as possible. 

(2) The more extensive the air-movements the larger should the 
tubing be. Thus to record the tidal air in respiration in a cat, tubing 
of 20 mm. diameter should be used. 

(3) In recording rapid movements of any amplitude the writing- 
point should not magnify the movement of the recorder more than five- 
fold, and the writing-lever must be tested to show that it is really rigid 
in the direction of the movement. 


Hiirthle. Pfliiger’s Archiv, p. 306. 1893. 
* The piston-recorder has an internal diameter of 19 mm. 
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ON THE INFLUENCE OF TEMPERATURE ON THE 
CONDUCTIVITY OF NERVE. By ARTHUR E. 
BOYCOTT, B.A., Senior Demy in Magdalen a> Oaford. 
(With Ten Figures in Test.) 


(From the Physiological Oxford.) 


INVESTIGATIONS into the influence which variations of temperature 
exert in determining the efficiency of different stimuli applied to nerve 
and muscle have led to results of interest (Gotch and Macdonald’, 
Waller™): the present research was undertaken with the view of 
elucidating in a somewhat similar manner what alterations, if any, are 
produced by changes of temperature in the propagated excitatory state 
in nerve, that is, in the conductivity as opposed to the excitability. 
Especial attention has been directed to the search for evidence as to 
whether different kinds of stimuli set up propagated impulses varying 
in kind with the different exciting agents employed. Alterations in 
magnitude as revealed by the reaction of the muscles concerned have 
alone been considered; the question of the influence of temperature 
upon the rate of trenecuinadon has not been taken up’. 

Previous work. The chief results obtained in previous researches on 
this subject are as follows. Bernstein” found that the conductivity of 
the motor fibres of the frog is much impaired by warming to about 50°, 
some amount of recovery being seen on again lowering the temperature. 
Griitzner® found in dogs that a temperature of 2° to 6° blocked the 
transmission of impulses in the motor fibres of the sciatic, in the 
cardio-inhibitory fibres of the vagus, and in those afferent fibres of the 
sciatic stimulation of which brings about a rise of blood-pressure. 


1 These numbers refer to the list of literature on page 506. 

* Since the original researches of Helmholtz, it has generally been held that cold 
shows the rate of transmission of the nervous impulse, both in man and in amphibia and 
invertebrates. But some of the experiments are not altogether satisfactory (e.g. Oeh1@ in 
man found an acceleration on cooling as well as on warming in one subject), and recently 


Weiss"®) has stated that in the frog the rate is independent of temperature; at any rate 
within the range of 0° to 20°, which he used. 
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Head®, following the procedure of Gad“, showed that in mammals 


the afferent respiratory impulses passing up the vagus could be blocked 
by “freezing” the nerve, and claimed that this was unaccompanied by 
the slightest stimulation: he also found that afferent impulses aroused 
by artificial stimulation were blocked in the same way, and that if 
cooling was discontinued the vagi would regain their conducting power 
although they had been “completely frozen.” Howell® and others 
investigated frogs and mammals with induced currents; in frogs con- 
' ductivity was suspended on warming to 41° to 44°, and in the spring 
by cooling to 5° or even to 15°, though in one case the nerve still 
conducted at 1°; in mammals the vasomotor and skeletomotor fibres of 
the sciatic and the cardio-inhibitory fibres of the vagus ceased to 
conduct on cooling to about 5°, a block being produced in the vagus 
of the rabbit at a temperature so high as 15° to 20°"; they also showed 
that the afferent fibres conveying impulses causing a rise of blood- 
pressure react differently towards changes of temperature to those 
whose stimulation brings about a fall, an observation confirmed by 
Hunt™, Hough® has also shown that cold produced a block in the 


mammalian vagus (cardio-inhibitory fibres), and the same thing has 


been observed for the pupillo-dilator fibres of the cervical sympathetic 
by Eve®? in rabbits and cats. In the recurrent laryngeal Gad and 


B. Frankel found that the fibres distributed to the abductors of the | 


larynx lost their conductivity sooner than those innervating the adductor 
muscles. Gotch and Macdonald® (p. 258), referring to the frog, state 
that “local cold...depresses the capacity of any one portion of the nerve 
to respond to the presence of the excitatory state in its immediate 
neighbour,” and that if the temperature tube is placed two to three 


centimetres below the region of the exciting electrodes “excitation | 


by the stimulating galvanic current evokes larger responses when this 
peripheral portion of the nerve is warmed and smaller ones when it is 
cooled”: they mention however the occurrence of “ striking anomalies.” 
Gotch® found that with minimal stimuli peripheral cooling increased 
and warming decreased the response to ascending galvanic currents and 
condenser discharges; with induction shocks warmth increased; and with 
descending galvanic currents warming and cooling had no effect. 
Stirling™ says of the frog’s nerve “cold, like CO,, abolishes or 
diminishes the excitability, but not the conductivity.” Weiss”, after 
pointing out that CO, abolishes excitability, leaving conductivity 

1 The highest temperature which was adequate to produce a block in these fibres was 
not specially determined in my experiments, but it was certainly less than 10°. 
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unaffected, says that variations of temperature give results analogous 
to those of CO,; he also seems to refer to the frog. 

Methods, The tissues investigated have been (1) the motor fibres 
in the sciatic of the frog (Rana temporaria), the contractions of the 
attached gastrocnemius being recorded in the usual way (isotonically, 
with an axial load of 10 grammes) on a slowly moving surface, or the 
movements of the whole leg judged of by observation; most of the 
_work has been done on the isolated sciatic-gastrocnemius preparation : 
(2) the afferent fibres in the sciatic of the frog, the reflexes being 
observed : (3) the motor fibres in the sciatic of the tame rabbit (mostly 
albinos), the movements of the foot being recorded or observed: (4) the 
cardio-inhibitory fibres in the vagus of the rabbit, the movements of the 
heart being observed by means of a needle thrust through the thoracic 
wall into the substance of the ventricles. | 

The excised sciatic-gastrocnemius preparations from the frog were 
usually soaked for a period varying from a few minutes to several hours 
in 0°6 per cent. sodium chloride in tap-water. They were however also 
used fresh, and no difference in the results obtained could be observed. 
The anesthesia in the rabbits was contac by chloral followed by ether, 
or by ether alone. 

The impulses investigated were aroused by various methods, in- 
cluding single and repeated induction shocks, the galvanic current, 
chemical stimuli, and the discharges from the cord of the brainless frog. 
The interruptions of the galvanic current which were used always gave 
the excitability reactions towards temperature changes of “long” @™ 
currents, 1.e. were favoured by cold and rendered less efficient by 
warmth. The induction apparatus was used with both cored and 
uncored primary coils; the currents used gave the excitability reactions 
of “short” currents (favoured by warmth, rendered less efficient by 
cold), especially those from a coreless apparatus. 

In all cases of electrical stimulation, a large external resistance 
(100,000 ohms) was introduced in the circuit of the electrodes, in 
order to exclude fallacies arising from the alteration in the resistance 
of the nerve (and consequent changes in the effective strength of 
the exciting currents) produced by variations in its temperature. 
Platinum or ordinary needle and non-polarisable electrodes were used, 
the latter especially for galvanic currents. 

Local alterations in the temperature of the nerve were produced by 
causing strong salt solutions at different temperatures to flow through 
tubes with which the nerve was in contact. This was effected in two 
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ways. In the first, which was used in the experiments on rabbits and 
in some of those on frogs, the water flowed through an | shaped brass 
tube (long limb 235 mm., short limb 110 mm. long: diameter of tubing 
10 mm.): a short length of thin-walled brass tubing (diameter 7°5 mm.) 
passed transversely through the larger tube near the angle in such a 
way that the nerve, previously ligatured and cut, could be drawn 
through it, and the water in the larger tube could freely circulate round 
the smaller tube with its contained nerve. This apparatus is very 
convenient and is similar to that described by Howell®. In the 
second method, which was used for most of the experiments on frogs, 
the nerve was laid across a piece of thin-walled glass tubing (diameter 
5 mm.), arranged in a moist chamber and through which water at 
different temperatures could be passed. If two such tubes are fixed in 
the chamber side by side a more extensive tract can be conveniently 
cooled or warmed, or two adjacent parts of the nerve can be exposed to 
different temperatures. In some cases a second tube was placed parallel 
with but above the first tube, leaving room for the nerve to be placed © 
between the two, so that it could be cooled from both sides. 

_ The temperatures given below and marked on the figures are the 
means of the readings of thermometers placed in the reservoirs from and 
to which the water flowed; they thus represent approximately the 
temperature of the water as it passed near the nerve. What the actual 
temperature of the nerve was it is impossible to say, but presumably it 
would be somewhat higher than the temperatures given. The tempera- 
ture moreover might differ slightly in different parts of a transverse 
section of the nerve where it is on the tube, since some parts would be 
more nearly in contact with the cold and warm water than. others. 
There does not however seem to be any reason to suppose that with 
such cooling and warming the results are markedly influenced by the 
fact that the agent for producing alterations in temperature is applied 
on one side only, rather than from all sides of the nerve. The disposition 
of the two tubes with regard to the nerve was constantly varied without 
altering the results obtained, and no modifications could be detected 
when using the arrangement mentioned above, whereby the nerve was 
warmed or cooled from two or more sides simultaneously. Moreover 
the described changes in excitability to induced and galvanic currents 
produced by alterations in temperature were repeatedly and certainly 
obtained with the arrangements here used, which in fact seem to very 
rapidly and thoroughly bring about a local alteration in temperature in 
that part of the nerve in contact with the tube, 
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The length of nerve lying on the tube may be conveniently varied 
by either laying it transversely or bending it in a sinuous manner over 
the surface. The length of nerve exposed to alterations in temperature 
thus varied from about five to more than twenty millimetres. 

The electrodes were always separated from the nearest point of 
contact with the temperature tube by at least 8 to 10, and often 
by about 15 to 20 millimetres. This is of importance, as either the 
actual changes in temperature or the changes in excitability or the 
exciting currents seem to spread some little way along the nerve, as 
may be shown by exciting distal to the temperature tube. With the 
electrodes 4 mm. distal to the tube an effect is frequently plainly seen. 


‘Different preparations differ in this respect a good deal, but if the 


distance is 5 mm. or more, questions of alterations of excitability seem 
to be excluded, at any rate with ordinary strengths of exciting currents. 
It is a curious fact that in all the experiments made to test this point, 
the change seemed to spread more on the distal than on the proximal 
side of the temperature tube. | 

The muscle and the parts of the nerve immediately adjacent to it 
were in all cases at room temperature (11° to 25°C.). A few experi- 
ments have been made in which the nerve was cooled and warmed as 
close to the muscle as possible: the results in no way differed from those 
obtained when the alterations in temperature were (as was usually the 
case) induced about the middle of the nerve. 

The experiments on the frog were conducted during both winter 
and summer, but not during the breeding season. It may here be 
mentioned that although the animals used had been living under 
extreme variations of temperature, no differences could be detected 
in the results obtained at different seasons. Experiments on rabbits 
were made only during the summer. 


EXPERIMENTS ON THE FROG. 


A. Motor fibres in the sciatic nerve. 

(1) Effects of cooling and warming. Intense cooling, especially 
when suddenly brought about, usually produces a tetanus: this occurs 
when the nerve is actually frozen, an event which is marked by a 
peculiar opaque white appearance in the affected portion. In such 
cases the excitation is probably mechanical in nature and immediately 
due to the formation of ice crystals in the interior of the nerve. The 
tetanus is generally of a flickering character, preceded by a few single 
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twitches and lasting some five to thirty seconds after its full development. 
When it subsides, both excitability and conductivity are as a rule 
permanently lost in the cooled area, to whatever temperature that 
area may thereafter be brought. If? when a tetanus appears, the frozen 
part of the nerve is rapidly warmed to 20° or 30°, a certain degree of 
excitability and conductivity may still remain, which is probably due to 
some of the fibres not having been frozen or to a temporary block 
having been caused by the pressure of the ice crystals, but much 
stronger stimuli than were previously ne@essary are now required to 
elicit a response: moreover the remnants of irritability! frequently 
disappear for good in the course of a few minutes, If the application 


of cold is persisted in and the nerve be thoroughly frozen no recovery — 


seems to be possible. Whether a nerve may thus be killed by the 
application of cold without being excited is doubtful: no case has 
been observed in which cooling has brought about either a suspension 
or an abolition of irritability without some amount of excitation having 
also been evidenced by the occurrence of muscular contractions, but the 
fact that cooling increases the excitability to mechanical and most 
other stimuli should be considered. 

By gradually heating a part of the nerve, however, excitability aod 
conductivity may be permanently lost in the altered part without any 
excitation having been apparent. It is necessary in performing this 
experiment to be careful that the nerve is adequately moist: warming 
is very apt to give rise to a drying tetanus. 

The exact temperatures at which the cooling tetanus and death by 
heat are brought about have not been very particularly investigated. 
They seem however to be about — 7° and + 49° respectively. 


It is to be understood that when cooling and warming are mentioned 


below without qualification, reference is made to temperatures of about 
— 5° to +4° and + 25° to + 35°, and altogether within the vital limits 
above mentioned, 

(2) Stimulation by induction shocks. If the interruptions of the 
current through the primary coil be brought about in the usual way 
by means of a revolving style striking across a wire at regular intervals 
of time, it is observed that, on cooling a part of the nerve peripheral to 
the point of excitation, a marked diminution in the magnitude of the 
muscle response as a rule at once takes place (Fig. 1, A). But there 
are several further points about this phenomenon which throw a light 

1 It might be convenient to employ this term, the use of which has in the past given 
rise to some confusion, to include both excitability and conductivity. 
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‘on its real nature: (a) the diminution takes place at once down toa 
certain level, and more prolonged or more intense cooling produces 


Fig. 1. Frog; sciatic-gastrocnemius preparation: induction shocks coil 5 cm.: excitation 
central to temperature tube. In 4 excitation by striker, in B "7 opening key on 
traveller. 
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Fig. 2. Frog; sciatic-gastrocnemius preparation ; induction shocks coil 16 cm., i.e. nearly 
minimal; excitation by striker central to temperature tube. 
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no further decrease in the magnitude of the muscular contractions ; 
(8) it is not seen when the excitations are brought about by single 
break shocks produced by a turn-over key opened by the passage 
of a rapidly-moving traveller, whatever be the strength of stimulus 
(Figs. 1, B: 3); (y) it is only seen with the “striker” when maximal 
or nearly maximal shocks are used, and does not appear at all with 
minimal excitation (Fig. 2), the diminution being only found when 


| 


Me. 3. "Tree sciatic-gastrocnemius preparation ; excitation by break-key on traveller, 
central to temperature-tube. In A coil=18-7cm., in B=8 cm. 


the secondary coil is so far approximated to the primary that the 
make shock becomes effective, as judged by a make and break spring 
key’. It has previously been shown that a second stimulus, following 
a previous stimulus at an interval which may be as long as g},5 seconds, 
is rendered ineffective if an area of nerve between the seat of excitation 
and the muscle is cooled to a temperature of about +2°. A considera- 
tion of the circumstances detailed above which influence the production 
of a diminished response on propagation through a cooled area leads 
_one to the conclusion that the phenomenon is not really one of 
impairment of the transmitted effect of a single stimulus, but rather 

the reduction of the summated effect of two stimuli which may be 
produced by transmission into a cooled area, The automatic ‘striker 


1 The coil-distance at which this key gives a make response may be a little more or a 
little less than that at which, with the automatic striking interruptor, a diminution on 
cooling is observed: this is only natural, as it is impossible to exactly reproduce the 
conditions of the one method in the other. The correspondence is however very close. 
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in fact gives a double stimulation and a summated response, unless 
it is used with the secondary coil at such a distance from the primary 
that the make shock is ineffective. 

Apart from this phenomenon, no impairment in the magnitude of 
the response has been observed in consequence of transmission through 
a cooled area. The temperatures used varied from a room temperature 
of about + 12°C. to —8° or —10°; the temperature was lowered either 
suddenly or gradually, the nerve having previously been either at room 
temperature or at 25° to 35°; the induction shocks were applied in 
both an ascending and descending direction, and at rates varying from 
one every 10 seconds to more than 100 per second, and at all intensities 
from minimal to considerably overmaximal: but the results were always 
the same and under no circumstances! was any real diminution in the 
transmitted effect observed. : 

In a similar way, on warming a peripheral area of nerve to 
temperatures varying from 20° to 38°, no increase or other alteration 
in the response was observed, whether subminimal, minimal, or maximal 
stimuli were employed. On warming gradually from 10° or 15° 
upwards, care being taken to prevent drying of the nerve, the response 


rapidly diminished and failed at about- 41°, to return on lowering the © 


temperature: on further warming the response still failed, and if the 


temperature was raised to more than about 48° the response did not 
return on cooling. As has been already mentioned, gradual warming 
was not observed to cause any excitation. 

It occasionally happened that cooling a peripheral region produced 
an increase in the height of the muscular twitches. This was as-a rule 
the prelude to a tetanus caused by too intense cooling. In one or two 
cases, however, a slight increase in the height of the twitches was 


observed when the cold was first applied; though the cooling was 


continued the increase soon fell off. In both cases the increased 
response seems to be associated with a subminimal excitation arising 
from the application of a considerable degree of cold. 


Some experiments were made in which a maximal response was. 


diminished or abolished by cooling the seat of excitation, or a 
minimal response increased in magnitude by warming the immediate 
neighbourhood of the_electrodes: in no case were the transmitted 
effects of stimuli thus modified affected as regards their magnitude 
by warming or cooling an area of nerve nearer the muscle. 

1 On one occasion in about thirty sets of experiments a diminution leading on to 
abolition was observed on cooling, but the preparation had previously been in a cooling 
tetanus and-could not be regarded as normal. 
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(3) Stimulation by the galvanic current. As with induction shocks, 
so here if galvanic currents of short duration are obtained by means of 
an automatic interrupter then a marked diminution in the height of 


Fig. 4. Frog; sciatic-gastroonemius preparation; galvanic currents; excitation central to 
temperature tube by striker; 1 Daniell. In A and B current ascending, in C and D 
descending. In A and C rheocord=14, in B and D=60. 


the responses is brought about by cooling a peripheral area of nerve to 
about 0° (Figs. 4, B and D; 5,0). A regularly progressive diminution or 

a total abolition is not seen with the galvanic current, and considera- 
tions similar to those given above lead to the conclusion that when the 
automatic interrupter is a revolving “striker” the current flow gives a — 
double stimulus, evoking a summated muscular response; hence the 
diminishing effect of cold is due to the second stimulus being rendered | 
ineffective’. This view is supported by the observation that such 
diminution only occurs when the current strength is such that its break 
is in itself an effective stimulus (Fig. 5), and by the further observation 


1 This phenomenon was previously @ only demonstrated for another variety of ‘‘long”’ 
stimuli, viz. condenser discharges from plates of medium or large capacity. 
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that. no diminution occurs if the current duration is so long as to give 


isolated make or break contractions (Fig. 6); further it may be readily 
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observed that with minimal stimuli no diminution is found, even when 


; excitation central 


to temperature tube by striker; 1 Daniell. Rheocord in A=29, in B=49, and in 


; galvanic currents 
C=99. The marked period in each group cooled at - 4°; the rest at + 15°. 


sciatic-gastrocnemius preparation 


Fig. 5. Frog; 


preparation ; galvanic currents descending; excitation 


central to temperature tube by key; separate make (M) and break (B) contractions 


recorded ; 1 Daniell; rh. 99. 


at 


stimulation with the automatic striker at any strength. On further 


warming, at about 41°, the response is temporarily suspended 


Fig.6. Frog; sciatic-g 


to return 


abolished (Fig. 7)... | 
Neither the increase in the response to the galvanic current 


on lowering the temperature, and at about 48° conductivity is per- 
produced by cooling the point of excitation, nor the decrease produced 
by warming, appears to be influenced in any way by warming or cooling ~ 
a more peripheral area of the nerve, except that sometimes a response, 


manently 
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reduced by warming the point of excitation, may be somewhat increased 
in magnitude by passage through a cooled area. 

It happens not infrequently (though it is a phenomenon of by 
no means constant appearance) that with weak stimuli cooling pro- 


Fig. 7. Frog; sciatic-gastrocnemius preparation ; galvanic currents ascending ; excitation 
central to temperature tube by striker; 1 Daniell; rh.=80. Time in quarter-minutes. 


duces a marked increase in the height of the muscular contractions 
(Figs. 4,.4,C; 8). In some of these instances the rise is preparatory to 
a cooling tetanus, as is sometimes seen with induction shocks; these are 


Fig. 8 Frog; sciatic-gast ius preparation; galvanic currents, descending ; 
excitation by striker; 1 Daniell; rh.=19; distance from kathode to temperature 
tube 20mm. 


“also probably to be explained as the result of the subliminal excitation 
produced by the commencement of the freezing process. But- the 
majority of the cases seem to be of a different kind. In such when 
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using the striker one may obtain a series of records showing that with 
weak currents the response during cooling is larger than when a 
peripheral part of the nerve is warmed ; on increasing the strength the 
two responses become equal: while on still further augmentation of the 
current the cold response becomes less than the warm. Thus in one 
experiment the following figures were obtained : 


Frog. Sciatic-gastrocnemius preparation ; galvanic current ; descending ; 
closure obtained by striker in battery circuit of rheocord ; battery = 1 Daniell 
cell. 


Average height of record of muscle resporise when 
propagated through an area 
(max. voltage jp V with Rh. 100) I. at + 25° II. at -5° 
Rh, 25 17°1 mm. 22°5 mm. 

35 23°8 23°9 

45 24°5 

55 24°6 24°25 

65 23°75 

75 30°4 23°4 

85 30°7 22°9 

25 12°5 


No tetanus was produced, and the responses at once fell back to 
their previous level on warming. It might be supposed that this 
phenomenon was one of affection of the excitability of the nerve by 
spread from the cooled region; that this is in all probability not the 
explanation is shown by the facts that (a) with very rare and somewhat 
doubtful exceptions no diminution of response is found on warming 
instead of cooling, i.e. the response at 35° is of the same magnitude 
as that at 13°, and (8) the phenomenon is independent of the direction — 
of the exciting current (see Fig. 4, A and (), the kathode being often 
15 to 20 mm. or more central to the point of cooling. 

The occasional occurrence of this increase on cooling is the only 
difference which has been observed between the behaviour towards — 
changes of temperature of the propagated effect aroused by an induction 
shock and that aroused by the passage of a galvanic current: and the 
fact that it is certainly not to be always observed under the given 
conditions prohibits one from laying too much stress upon the difference. 
In this, as in all other observations made with the galvanic current, the 
phenomena were apparently precisely alike whether an ascending or 
a descending current was employed, and are thus not in accordance 

with the result described by Gotch®. 
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Thus with galvanic currents as with induction shocks, no real 
diminution in the magnitude of the response seems to be caused by 
propagation through a cooled area’. 

(4) Chemical Stimulation®. In the few experiments which were 
made (with NaCl; NaF, ZnSO, and glycerine) no change could be found 
to result from propagation through a cooled or warmed region (Fig. 9 A). 


Fig. 9. Frog; sciatic-gastrocnemius preparation ; excitation by solid sodium fluoride ; 
excitability and conductivity contrasted; in A excitation 10 mm. central to 
temperature tube, in B on temperature tube. Time in seconds. 


The excitation seems to spread along the nerve to a considerable extent, 
and such changes as were sometimes seen on cooling seem to be 
altogether referable to changes in excitability. No change was observed 
unless the place of stimulation was comparatively close to the cooled 
area. No change could be found on warming or cooling a peripheral 
area when salt had been applied to the nerve and the tetanus had not 
yet actually commenced. 


1 On two occasions in about 40 sets of experiments a diminution, followed by an 
abolition, of the muscular contractions was observed on cooling, and an augmentation 
of the response on warming, but on both occasions the preparation had previously been in 
a cooling tetanus. It should be mentioned that this is in no way the regular and 
characteristic sequel of a cooling tetanus, even excluding those cases where no further 
response was to be obtained after the tetanus had subsided. 

2 It is probable that glycerine and salts applied in the solid form and in strong 
solutions excite nerves, in part at least, from mechanical causes. The changes in 
excitability observed when the actual point of application of the salt was on the 
temperature tube did not altogether correspond with those described by Gotch and 
Macdonald®; thus both with NaCl and NaF, cooling the point of excitation may 
abolish the tetanus which persists very markedly at room temperature and with warmth 
(Fig. 9, B). 


32—5 


« 
+ 
Ve 
a 
4 
‘4 
q 
af 
5 
a 
og 
val 
a 
34 
fer 


502 A. E. BOYCOTT. 
(5) Discharges from the cord in the brainless frog. In these 


experiments, after destruction of the brain, the entire tissues of the 
thigh were ligatured and divided with the exception of the sciatic 
nerve. Cooling will not cause a reflex spasm to fail in the leg supplied 
by the cooled nerve sooner than in the other leg, either with or without 
the previous administration of strychnia. Nor does prolonged and 
constant cooling of the nerve prevent the corresponding leg from sharing 
in the spasm following on the subsequent injection of strychnia. In 
the same way if one nerve be cooled and the upper end of the cord 
stimulated in the decapitated frog, both legs go equally into contraction, 
and, as far as could be judged, to an equal degree. Freezing per- 
manently abolishes conductivity for all these discharges. 


B. Afferent fibres in the sciatic nerve. 


As far as could be judged by the reflex motor response, cooling the 
sciatic has no effect on the transmission to the central nervous system 
of afferent impulses generated below the cooled region, either by means 
of electrical, mechanical, or chemical stimulation of the skin, or by 
electrical, or mechanical stimulation of the nerve trunk. 

The application of cold, even when sudden, does not appear to 
arouse sensory impulses: reflexes are only seen when the nerve is 
actually frozen. In this respect the reaction of human nerves is 
markedly different (wide infra). 


EXPERIMENTS ON MAMMALIAN NERVE. 


(1) Motor fibres of the sciatic (rabbit). If a length of nerve 
between the electrodes and the muscles is cooled to a temperature 
between about +7° and —5°, the motor impulses set up by either 


—— 10. Rabbit; chloral and ether; excitation of sciatic nerve central to Gaapetatare 
tube by striker; induction shocks ; movements of foot recorded. 


t 
} 
a 
t 
‘ 
{ 
i 
| 
‘= 
‘ 
“3 
b> \ 
4 A 
é 
3 = 


NERVE TEMPERATURE AND CONDUCTIVITY. 503 


induction shocks or galvanic currents are blocked; if thereafter the 
_ temperature is raised, complete conductivity is re-established (Fig. 10). 
This is not due to a spread of excitability changes along the nerve from 
the cooled area, for the result is not obtained on exciting distal to the 
temperature tube, even when the distance between the electrodes and 
the nearest point of the cooled area is not more than two or three mm. : 
moreover the changes of excitability towards the galvanic current 
produced by cooling are different from those here described ®. 

(2) Cardto-inhibitory fibres of the vagus (rabbit). The vagus was 
cut high in the neck and cooled about 15 to 20 mm. below the electrodes. 
Cooling to about 0° prevents faradisation of the peripheral end of the 
cut nerve from bringing about stoppage of the heart-beat, though this 
at once ensues if for cold water is substituted water at room tem- 
perature or warmed to 35°. In this way the nerve may be stimulated 
without intermission for ten to fifteen minutes, if meanwhile the cooling 
is continued, without any obvious alteration in the heart-beat being 
produced thereby; directly the temperature of the nerve is raised, the 
stimulation produces its specific effect. 

(3) Ulnar nerve (man). Two observations were made upon the 
_ effect of cooling the ulnar nerve in man. The elbow was placed in 
a freezing mixture, the lowest temperature reached in this being — 17°. 
A very slight amount of sensory impairment seemed to be perceptible 
when impulses were aroused in the ulnar cutaneous area on the fingers, 
with perhaps a trace of motor impairment. While however there 
seemed to be practically no interruption of sensory and motor impulses, 
the cooling excited very marked sensory phenomena, which were 
referable chiefly to the ulnar side of the little finger and to the fourth 

and fifth carpometacarpal and metacarpophalangeal articulations. It is 
probable that some motor or sensory block would have been found if 
the cooling had been longer persisted in, but further prosecution of the 


experiment became highly undesirable. It thus appears from this — 


well-known experiment that a moderate degree of cooling (for the 
nerve itself was certainly not actually, and in all probability not nearly 
frozen) will excite’ the sensory but not the motor fibres in the human 


1 It might be supposed that the sensory phenomena observed in the hand were not 
due to actual excitation of the ulnar nerve itself, but rather to a reference from the 
segment of the spinal cord in connection with the skin of the elbow arising from the 
excessive stimulation of that area. That this is not so is shown by the fact that no 
sensory impulses were aroused referable to the skin along the ulnar border of the forearm, 
whereas the cutaneous distribution of the segmental nerves (C*, D') supplying the skin of 
the elbow extends all along the ulnar side of the forearm as well as to the hand. 
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ulnar nerve. It has already been pointed out that the nerves of the 
frog behave differently in this respect. And from a consideration of 
the two cases, it does not seem likely that conductivity may be — 
suspended by “freezing” the mammalian vagus without causing some 
excitation of the nerve, as is claimed by Head ®. 


A 


SUMMARY AND CONCLUSIONS. 


The chief results thus obtained are: 

(1) Conductivity may be temporarily animiek 3 in the nerves of 
the rabbit by cooling an area peripheral to the point of stimulation — 
to about +6° or below, a result which is in general correspondence 
with that obtained by Grutzner™ and many subsequent observers. 

(2) Such a block is not produced in the nerves of the frog unless 
the cooling is carried to a degree which is sufficient to freeze the nerve 
and thus destroy its vitality: nor is any increase or decrease in the 
response demonstrable on transmission through an area warmed to 35°. 
A temporary suspension of conductivity may however be brought about 
by raising the temperature to about 41°. 

(3) No constant difference could be found between the behaviour 
towards change of temperature of impulses aroused by induced currents 
and those initiated by galvanic currents, chemical stimuli or discharges 
from the cord. 

(4) Impulses aroused by weak ascending or descending galvanic 
currents may be sometimes increased in magnitude by passage through 
a cooled area (frog), as partly described by Gotch®. 

There is thus a marked difference between the nerves of the cabbit 
and those of the frog; in the former cold prevents the passage of an 
impulse, in the latter it does not. This fact is probably to be correlated — 
with the great differences in the temperatures and ranges of variation 
of temperature to which the nerves in the two animals are naturally 
subjected. 

Eve has shown that the transmission of impulses through the 
superior cervical ganglion of the sympathetic in the rabbit and cat 
is more easily blocked by cooling than the propagation along the 
nerve-fibres on either side. It might be supposed that the fields of 
conjunction in the spinal cord of the frog would: yield more readily 
to the action of cold than do the peripheral nerves. Such, however, 
does not appear to be the case. Some experiments have been made | 
in which in the decapitated frog the upper end of the cord was 
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stimulated and the cord and nerve-roots cooled. No blocking of the 
impulses to the leg muscles could be made out except on freezing the 
animal. These observations are comparable to those of Weiss ™, who 
found that, under like conditions of experiment, there was no extra 
delay on cooling. The lethargy shown by frogs artificially cooled and 
during the winter months is due, at any rate in great part, to a 
diminution of irritability in the region of the cutaneous end-apparatus 
rather than to a block in the peripheral nerves or in the reflex ares of 
the cord. An arrangement can be made by which the superficial — 
temperature of the foot can be varied independently of the general 
body temperature: under these circumstances it is found that with a 
warm foot and a cooled body there is little or no impairment in the 
reflex response to stimulation of the skin of that foot, while with a cold 
foot and a warm body great lethargy is observed. Biedermann 
has recently called attention to the fact that cooling may actually 
increase the reflex capacity of the spinal cord in the frog, and 
Grigorescu " has observed that the cutaneous sensibility of the 
frog is much diminished during hibernation. 

In the nerves of the frog, the comparative immunity of conductivity 
to changes in temperature, as contrasted with the readiness with which 
excitability responds under like circumstances, affords another basis for 
the differentiation of the two processes, as has been pointed out by 
Stirling ® and Weiss”. Moreover, in the nerve of the rabbit, while 
cold increases: the excitability for galvanic currents, it decreases the 
conductivity for the transmitted effects arising from such stimuli; with 
induction shocks both excitability and conductivity are impaired by 
cooling. 

The fact that in the frog’s sciatic the transmitted excitatory state 
gives rise to a muscular response of the same magnitude whether it is 
propagated through an area at +35° or through an area at — 4°, may 
perhaps be taken as a further indication that the process underlying 
conductivity is not immediately based on chemical change. But there 
is no reason to doubt that the mode of propagation is essentially the 
same in the rabbit as in the frog, and the fact that functional activity 
is so very differently conditioned in the two animals (in so far as it is 
affected by alterations of temperature) is quite prohibitive of any 
emphasis being laid on such an argument. Still less is it permissible 
to base any argument in favour of a physical (electrical) basis of 
conduction in nerve on such results as are here described. The marked 
differences which exist between the rabbit and the frog point to the 
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necessity of caution in drawing general conclusions from the study of 
the tissues of any one animal, and emphasize the need for a more 
comparative study of such subjects. 

In conclusion it may be mentioned that a few experiments have 
been made on the curarised sartorius muscle of the frog. It appeared 
that local cooling tended to prevent the propagation of the excitatory 
state; but the technique of these experiments is difficult, and the 
results were not always very definite. 
| The greater part of this research was carried out during my tenure 

of the Bishop Fraser Scholarship, for which my best thanks are due 
to the Provost and Fellows of Oriel College. I also desire to thank 
Professor Gotch for his constant advice and encouragement. 
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ON THE ESTIMATION OF SODIUM AND POTASSIUM 
IN URINE. By G. C. GARRATT. 


(From the Laboratory of the London Fae Hospital.) 


THE accurate method of Lehmann’ marks a distinct advance on the 
older processes, in that all chlorides are, before de-carbonization, 
converted into stable sulphates, and the barium salts precipitated 
subsequently are washed. In this way risk of loss either by volatilization 
or by mechanical adhesion to the precipitate is minimised. 

Lehmann’s Process. Urine is evaporated to dry with ammonium 
sulphate, ignited with, if necessary, a little sulphuric acid, and the white 
residue taken up with dilute hydrochloric acid. Magnesia together 
with sulphuric and phosphoric acids are now precipitated by baryta, the 
precipitate washed, and the filtrate treated as in the method of 
Neubauer. | 

Now in a standard text-book? barium chloride and ammonia are sub- 
stituted for baryta, and followed at once by ammonium carbonate, with 
the result that magnesia is not precipitated and ammonium chloride is 
produced in large amount. This latter circumstance has led to the 
publication of a method wherein soda is added to remove the chloride 
of ammonium®. While it does not appear that Lehmann took pre- 
cautions to prevent the formation of small quantities of this substance, 
or that he encountered difficulty in its removal, it is quite easy to work 
his process in such way as to ensure entire absence of the offending 
body, and that without any addition of soda. 

Author's modification of Lehmann’s process. Take 100 c.c. of urine, add 
10 c.c. of strong NH; solution, shake well and leave to settle in a corked 
flask. Filter through a dry paper, take 66 c.c. (60 cc. of urine) and 
evaporate to dry in a platinum dish with 3 grams of (NH,)*SO,. Ignite 
cautiously to a grey ash, moisten freely with H,SO,, re-ignite vated 


1 Zeitsch. f. physiol. Chemie, vm. p. 508. 1884. 
2 Analyse des Harns. 10th edition, 1898. 1. p. 738. 
3 This Journal, xxi. p. 497. 1899. 
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until SO, is driven off, cool and weigh. The residue consists of 
sulphates and metaphosphates of the bases sought with a trace of 
magnesium salts. Take up with hot water, and wash into a beaker, 
making up to about 75 c.c. Reckon the residue as KPO, and add for 
‘12 gram of residue a little less than 1 c.c. of normal HCl. Now add 


slowly 45cc. of = BaO,H, for every “1 gram and a little over, this is 


reckoning the residue as Na,SO, The HCl will always be insufficient 
and the BaO,H, will always be in excess, we have therefore NaCl, KCI, 
a little NaOH and KOH, with excess of BaO.H,, and no BaCl,. 
Allow the precipitate to settle, which in the case of normal urine 
happens in a few hours, but with urine of fever, owing to the excess of 


- Ba,(PO,)*, requires several days, filter and wash by decantation with hot 


water. Collect the filtrate in a 309 c.c. or smaller flask according to 
the needs of the case, test it with BaO,H,, and, when cold, make up to 


the mark, Evaporate the equivalent of 50 c.c. of urine on platinum to 


small bulk, add a trace of (NH,)*CO, in powder, take to dry, and heat 
to about 140° in the air oven. Take up with water, filter into a small 
weighed porcelain dish, add enough HCl to produce excess, evaporate to 
dry, heat to constant weight at 120° and weigh the chlorides. Estimate 
K as K,PtCl, and Na by subtraction. The special points of the above 
are :—early removal of Ca Mg and some P,O,, all troublesome bodies.— 
A residue soluble in water.—Certainty of removal of NH,—WNo risk of 


loss by crepitation or volatilization—All but the last evaporation done 


on platinum.—Ba left in as long as possible to avoid taking up of SO, 
from the air by the alkaline fluid—No empirical additions, and hence 
saving of time and trouble. 

Note, Mg is not completely removed. I have tried keeping the 
bases as carbonates and subjecting them to prolonged ignition at dull 
red, the result being considerable sulphate formation and incomplete 
removal of Mg. 

The following results have been obtained by this method. 

A’ is an artificial urine containing all the inorganic acids and bases 
of urine together with urea in proper proportions. A? is an artificial 
febrile urine. A’ should yield 6976 grams of NaCl and 4488 grams 


of KCl per litre, A? ‘825 gram of NaCl and 3:594 grams of KCl. 


U'U2U?U* are urines, the first normal, the others pathological. Pure 
artificial urines without added urine present special difficulties in 
driving off salts of ammonium. 
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Sample Result obtained Result calculated 
Ul Bae. NaCl -2059 KCl 
Ul 2064 0931 
U2 40c.c. “0804 2336 
Us 0816 “0684 
U4 75 c.c. 0450 *2030 — 
U! 125 ¢.c.+ A! 12°5 c.0. ‘1889 1016 NaCl -1903 KCl -1029 
U2 375 c.c. + A? 12°5 c.c. 0853 2644 ‘0857 
U3 2c.c. +A! 25c.c. “1898 "1482 ‘1902 "1464 
U* c.c.+ A? 87°5 1992 ‘1778 1799 | 


This process is tedious and expensive, it is also too laborious for 
regular use where it is desired to compare the output of alkalis with _ | 
that of the acids and nitrogenous bodies. For this purpose IT have” | 
therefore devised, and have long been using, the following simple and | 
inlaborious process, which requires no expensive reagents. 

_ Author’s process. Into a Jena glass flask of about 300 c.c. capacity 
measure 100 c.c. of urine and 50 cc. of water, or if but little Na and K 
is expected, 150 c.c. of urine, add about two grams of dry CaSO,, shake 
well, drop in a little phenolphaleine and add dry CaO,H, with shaking 
until the red colour is permanent, add further about *5 gram of CaO,H,, 
shake again, place in a water-bath at 55°, shortly afterwards corking 
with rubber, and leave for 15 minutes. Remove from the bath and 
leave all night in the cold. Decant off the fluid through a dry -paper 
into a 100c.c, flask with mark at 102°1, collect 100 c.c., add 1 gram of 
powdered (NH,)CO, and make up to the second mark with strong 
NH, solution. Shake well, leave a little time, then filter through a dry 
paper. Take 76°5 cc. (50 or 75 cc. of urine), evaporate to dry on 
platinum with 3 grams of (NH,)*SO,, ignite cautiously to a grey ash, 
moisten freely with H,SO,, and ignite to constant weight over a roaring 
Bunsen flame. The residue of normal urine is.readily fusible, of urine 
of fever not so,.owing to excess of K,SOQ,. In such case it is better to 
add fused Na,SO, in measured quantity, as it is much easier to get 
constant weight with a fusible ash. Weigh the sulphates, add about 
1 cc. of HCl and wash out with hot water into a large beaker. Make 
up to about 250 c.c. and precipitate at near boiling with double normal 
BaCl,, 1 c.c. to each ‘14 gram of residue and a little over. Leave all 
night under cover, decant through an ash-free paper, wash by decanta- 
tion with hot water, collect dry ignite and weigh the BaSQ,,. 

From the total sulphate subtract 001 for CaSO, and ‘0005 for 
MgSO,; let «=the remainder. From the BaSO, subtract 0025; let y 
remain. 


a 

ig 

2, 


Then —_{(y x °7476) — a} x 44174 = Na,SO, 
and 


. Note, For the removal of Mg saturation with CaO,H, is necessary ; 

further it is desirable to decompose salts of NH,. 
Removal of Ca as oxalate has failed in my hands; there appears to 
I be something in urine, apart from phosphates, which retains minute but 
variable quantities in solution. I therefore prefer (NH,)*CO, which 
| gives a slightly larger but more constant error. The CaCO, occupies 
| ‘l cc. in the flask. 


Consecutive analyses on 24 hour samples in a case of scarlet fever. 


No. 1 No. 2 

Urine of 24 hours a 

c.c. 1052 grams 3°14 14 3-01 19 

” 1460 ” 3°65 3°68 10 

q » 1636 12 3°34 17 
» 1780 » ‘se. 
1720 » 5°40 1:15 5°26 1-22 
1955 » sar - 408 3°22 3°97 


On the normal urine U’ the results were as follows: 


By No. 1. 25 o.c. KCl ‘0941 NaCl ‘2059 
” 0931 12064 


Total 50c.c. ‘1872 KC1= "1188 K,0 —-4123 NaCl= 2187 Na,O 
By No. 2. 50c.c. K,S8O, 2216 Na,SO, 
Average 50c.c, 2228 K,S0,= ‘1205 K,0 Na,SO, = -2157 Na,O 


| Results by No. 1 are of course the more reliable, they show a 

a constant slight excess in the total. No allowance has however been 
made for Mg here, but on the other hand some loss probably occurs in 

the 2nd method owing to neglect to wash any precipitate, and this __ 
will be more apparent in febrile urines on account of their large per- —~ 
centage of phosphate. 
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Simple method of demonstrating the membrane of the 
sub-lingual lymph-sac of the frog. By Wm. STIRLING. 


That lymph collects in the sub-lingual lymph-sac of the frog after 
poisoning with curare is an old and well-known observation. When it 
is desired to demonstrate the existence of the sac or obtain its membrane 
for histological purposes, for which it is admirably suited, the process is 
simple : 

(1) To demonstrate the sac. In an anesthetised frog inject by 
means of a hypodermic syringe into the dorsal lymph-sac a solution of 
soluble Berlin blue.. The blue fluid rapidly finds its way by channels 
along the orbital cavity to the sub-palatal sac and thence by two 
enormous trunks to the sub-lingual lymph-sac. As the fluid passes 
into the sac it gradually raises the tongue, and if the pressure be great 
the tongue finally is partly protruded beyond the mouth. If a blue 
gelatine mass be used, an excellent anatomical preparation is obtained. 

(2) For histological purposes, inject into the dorsa) lymph-sac 
the fluid that one desires to apply to the membrane. To save the 
fixing fluid, ligature firmly the whole trunk of the animal just behind 
the head and then inject the fluid into the small segregated cephalic 
part of the dorsal lymph-sac. Any histological fluid can thus be 
readily and equably applied to the stretched membrane, which is thus 
fixed in an extended position. 

(3) By this method drugs, e.g. veratrin, may be applied directly 
to the hyoglossus in situ. 

(4) For demonstration purposes air or normal saline may be 
injected. 
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Irregular Astigmatism. By F. J. ALLEN. 


The principal cause of this defect is the fibrous structure of the 
Crystalline Lens. The three groups of fibres in the lens cause unequal 
bending of the light in three different directions, so that a luminous 
point appears to a normal eye to be surrounded by three groaps of 
radiating lines, arranged in the form of an inverted Y. : 

The writer has tried to discover the exact modus operandi of the 
lens fibres, and its bearing on ordinary defects of refraction and their 
correction’ by glasses. 

It is not clear whether the distortion is due to diffraction or to 
uneven refraction. The phenomena resemble those of diffraction, as 
may be demonstrated with a diffracting medium, especially with a film 
of “Rhombic Mica”; but the direction of the lens fibres seems not to 
account for the direction of the lines in the image. | 

The following features can be demonstrated by experiment : 

1. The radiating lines which appear on any side of the subjective 
retinal image, are caused by fibres which lie on the same actual side 
of the lens. 

2. The focus of the aberrant rays is nearer the lens than the 
proper or general focus; therefore convex spectacles increase the 
distortion of the image, and concave spectacles diminish it. 

3. Distortion increases as the pupil dilates, bringing the peripheral 
fibres of the lens into the field. 

4. It follows from 2 and 3 that convex glasses, which improve 
definition in a good light, may sometimes cause blurring when the 
light is weak enough to allow the pupil to dilate widely. 

5. Irregular astigmatism increases with age. Owing to presbyopia 
it may not be apparent with the naked eye: but when the general 
refraction is corrected by convex lenses, the exaggerated — 
becomes evident. 
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Does the vagus contain motor fibres for the spleen? By 
R. Maenus and E. A. ScHAFER. 


(From the Physiological Laboratory, University of Edinburgh.) 


Oehl' and Roy* obtained contraction of the spleen as a result of 
_ stimulation of the peripheral end of the cut vagus. Bulgak® as well 
as Schafer and Moore‘ failed to get this effect. In view of the fact 
that Bayliss and Starling® have shown that with the intestine the 
motor action of vagus stimulation is as a rule only obtained after several 
_ successive periods of faradisation it appeared to us desirable to re-Inves- 
tigate the question. i 
Our experiments have been conducted on the dog, cat, rabbit and 
monkey, which were in every case anesthetized with ether: curari and 
atropin being also administered, the latter in just sufficient dose to 
paralyze the cardiac inhibitory fibres. Neither a single excitation nor 
a series of excitations repeated at short intervals some 10 or 12 times 
of varying and generally increasing strength produced the slightest 
effect upon the spleen volume, as recorded by the plethysmograph, 
provided care was taken to prevent any spread of current to the tissues 
around the nerve. If however these precautions were not taken the 
centripetal impulses thereby produced frequently provoked a marked 
reflex effect upon the spleen, usually in the direction of contraction, 


1 Gaz. Lomb. 1869. 2 Journ. Phys. ut. p. 203. 
3 Virch. Arch. uxix. p. 181. * Journ. Phys. xx. p. 1. 
5 Journ. Phys. xxtv. p. 129, | 
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occasionally of expansion. Our experiments show therefore that the 
spleen receives neither motor nor inhibitory fibres from the vagus, but 
is innervated, as Schafer and Moore concluded, entirely through the 
sympathetic. 


On the posterior longitudinal bundle and the prepyramidal 
tract. By E. H. Fraser. (Communicated by Prof. ScHAFER.) 


(From the Physiological Laboratory, University of Edinburgh.) 

The posterior longitudinal bundle. The complex character of the 
posterior longitudinal bundle has long been recognised, both with 
regard to the source and termination of the various strands of fibres 
of which it is composed, and the functions which these serve. For 
convenience of description these strands may be divided into short 
and long fibre systems, the former being chiefly commissural in nature, 
while there is yet much doubt with regard to the functions of the 
latter. Duval and Laborde* were the first to definitely describe 
for this bundle the function of connecting the various eye-muscle nuclei 
and nerves. They describe fibres as originating in the sixth nucleus | 
and passing through the posterior longitudinal bundle to enter directly 
the roots of the third and fourth cranial nerves. This view has 
recently had the support of Gee and Tooth’, while Tooth and 
Turner” describe a similar transmission through the posterior longi- 
tudinal bundle of fibres from the third and twelfth nuclei to the facial 
nerve trunk. Obersteiner™ describes the bundle as commissural for 
motor nuclei of various levels from the spinal cord up as far as those 
of the eye-muscle nerves. Of the long fibre system two groups are 
described:—({1) Descending fibres variously stated as arising from a 
special nucleus (nucleus of the posterior longitudinal bundle, van 
Gehuchten’), or from the grey matter in the region of the anterior 
corpora quadrigemina (Spitzka™, Boyce’). These pass down to have 
relation to the anterior horn cells in the spinal cord. 

(2) Ascending fibres having origin in the spinal cord, especially 
from the commissural group of cells, and passing up to reach either the 


third nucleus or some neighbouring collection of cells (Tschermak®, 


Held”). 

The present research consisted in the establishment of lesions (in 
cats and monkeys) in the floor of the fourth ventricle with the pur- 
pose of cutting across the posterior longitudinal bundle or destroying 
Deiters’ nucleus. The lesion was in all cases } mame by introducing a 


4 
H 
t 
ay 
3 
ba 


SOCIETY, JULY 20, 1901. 


galvano-cautery after dividing the occipito-atlantal ligament. The 
material was prepared by Marchi’s method. On examination it was 
found possible to classify the experiments into three groups.—(I) Those 
in which the lesion had divided the posterior longitudinal bundle 
itself. (Two monkeys and three cats.) | 

(II) Those in which Deiters’ nucleus was destroyed. (Two monkeys.) 

(III) Those in which the lesion had fallen internal to Deiters’ 
nucleus, in the lateral part of the floor of the fourth ventricle, and 
thus had divided the mesially directed fibres from this to the posterior 
longitudinal bundle. (Two monkeys.) 

In group I the results obtained were found to vary markedly 
according to the level at which the lesion had fallen. In one case 
in which the right bundle had been completely divided and the left 
somewhat injured in the upper part of the medulla (below the level 
of entrance of fibres derived from Deiters’ nucleus), there was marked 
descending degeneration passing into the antero-lateral columns of the 
cord ; extending throughout its whole length and furnishing much fine 
degeneration to the anterior horns, especially in the cervical and lumbar 
regions. On examining the parts above the lesion in this case there was 
found to be very little degeneration, only a few fibres being traceable 
forward to the region of the third nucleus on the left side, and even 
these are largely to be explained by the lesion having “tunnelled” below 
_ the right posterior longitudinal bundle and having thus cut some of 
the fibres from Deiters’ nucleus passing to the left bundles. 

On comparing this case with another in the same groyp in which 
the injury had fallen at a slightly higher level and had divided the 
bundles in the lower pons just at the level of entrance of the fibres 
from Deiters’ nucleus, some interesting points are brought out. The 
degeneration in the cord is practically the same, but on turning to the 
parts above the lesion one is struck by the profound and symmetrical 
degeneration of the posterior longitudinal bundles, which stand out as 
two deeply stained oval strands. The degeneration continues well 
marked to the level of the third nucleus, which is thickly dotted 
with fine degenerated fibres, as also is the fourth nucleus. Anterior 
to the level of the third nucleus a small amount of degeneration can 
still be traced ; this appears to end in the optic thalamus. No fibres 
could be followed to the posterior commissure, such as have been 
described by Darkschewitsch® and by Bechterew'. 

On examining group II, in which Deiters’ nucleus has been destroyed, 
a curiously similar distribution of the degeneration was met with. In. 
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the cord a descending degeneration passes through the. antero-lateral 
columns of the same side as the lesion right down into the lowest 
lumbar region, while a few degenerated fibres occupy a similar position 
in the cervical cord of the opposite side. The direct spinal tract from 
Deiters’ nucleus (described by Risien Russell”) is, of course, affected 
here and causes the degeneration to reach the periphery of the cord. 
In the parts anterior to the lesion the degeneration is practically limited 
to the posterior longitudinal bundle of the opposite side, in which it can 
be traced as far as the third nucleus to which very many fine fibres 
pass ; beyond this level the degeneration cannot be followed. 

In group ITI the lesion has fallen external to the longitudinal bundle 
but mesial to Deiters’ nucleus, resulting in the complete division of the 
fibres from this to the bundle; in two cases there is also superadded 
injury to the sixth nucleus. The degeneration is again homolateral in 
the anterolateral columns of the cord, and heterolateral in the posterior 
longitudinal bundle. There is however a slight amount of degeneration 
ascending in the bundle of the injured side; this may fairly be ascribed 
to fibres passing from the sixth nucleus into the bundle. 

On comparing the results met with in these three groups the 
intimate relationship of the posterior longitudinal bundle to the ocular 
nuclei is fully brought out. In every case in which the bundle was cut 
above the level of the entrance of fibres from Deiters’ nucleus there was 
profound ascending degeneration, traceable to an ending amongst the 
cells of the third and fourth nuclei. On the other hand if the lesion fell 
below the level of this entrance, no such change occurred. 

As regards the passage of fibres from the posterior longitudinal bundle 
directly into the third and fourth nerves the material examined yielded 
only negative results; in several cases the sixth nucleus was destroyed, 
and, if the theory which ascribes to it the supply of fibres to these 
nerves were correct, degeneration should have been marked in their 
trunks ; in no case was such an appearance met with. As noted above, 
fibres cortainly appear to pass from the sixth to the third and fourth 
nuclei by means of this bundle. | 

With regard to the changes met with in the cord in these various 
groups, a marked bilateral degeneration in the antero-lateral columns 
occurs in those cases in which the posterior longitudinal bundles have 
been cut, while if Deiters’ nucleus has been destroyed, or the fibres 
passing from this nucleus cut, a unilateral change results which closely 
resembles that on either side in the previous case. The amount of the 
change is certainly less, owing to the escape of fibres which descend in 
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the bundle from other sources. In all these groups the termination of 
this descending degeneration is markedly associated with the more.mesial 
group of anterior horn cells. Professor Schafer” has drawn attention to 
these entering fibres to the anterior horn in cases of hemisection of the 
cord. The similarity of the results in these three groups forces one to 
the conclusion that the fibres derived from Deiters’ nucleus take a very 
large share in the formation of the posterior longitudinal bundle. To 
bring out the great importance of these fibres it is only necessary to 
recall the numerous important relationships of the cells of this nucleus. 
The close association of the sensory tracts of the cord to Deiters’ nucleus, 
originally pointed out by Monakow®, has received ample confirmation 
from the work of Blumenau’ and of Tschermak”®; the intimate relations 
of the vestibular nerve to this cell mass have been clearly shown by 
Sabin", Thomas” and others; while the double relationship which 
exists between it and the cerebellum has been brought out by Bruce‘ 
and by Turner”. So that there is in Deiters’ nucleus a cell station which 
can be acted on by incoming influences ascending from the spinal cord, 
or reaching it along that most important nerve the vestibular part of 
the auditory, and which further is under the direct control of the 
cerebellum. It has already been seen that these fibres take a large 
share in the formation of the posterior longitudinal bundle and pass by 
it to reach on the one hand the nuclei of the various ocular nerves, and 
on the other the anterior horn ganglion cells. By this means eye and 
body muscles may be placed under the control of an equilibrating 
mechanism and enabled to adjust themselves in relation to any change 
of position of the individual in space. 

The prepyramidal tract. In two cases in which a somewhat 
widespread lesion had been made in the dorsal part of the pons a 
tract of degenerated fibres was met with in the lateral columns of 
the cord. This tract lay in each case immediately anterior to the 
crossed pyramidal tract, on which it did not appear to encroach. It 
was traceable throughout the whole length of the cord, extending to 
the lowest lumbar region. During its course it constantly furnished 
fibres to the central grey matter; these entering the lateral aspect 
of the cornu and appearing to end in relation to the more lateral and 
posterior cells of the anterior horn. Ferrier and Turner’ described 
a somewhat similar tract degenerating after injury to the lateral fillet 
nucleus, but were only able to follow it to the mid-dorsal region. 
Boyce® after a lesion in the mid-brain traced fibres passing through 
Forel’s decussation to form a tract very similar in position to the 
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- one noted above. Thomas*® has also remarked its presence and has 
suggested for it the name of prepyramidal tract. The terminal relation 
of the fibres from this strand to the lateral and posterior cells of the 
anterior horn does not appear to have been previously noted. The 
nucleus of origin of these fibres would appear to be situated in the 
region of the corpora quadrigemina, but further research will be needed 
for its exact localisation. 
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The action of pituitary extracts upon the kidney. By 
R. Maenus and E. A. ScHAFER. 


(From the Phystological Laboratory, University of Edinburgh.) 


Watery extracts of pituitary body produce rise of blood-pressure 
by contracting the systemic arterioles! much in the same way as 
extract of suprarenal medulla produces its well-known pressor reaction. 
In corroboration of this fact we have obtained—as the result of 
intravenous injection of pituitary—diminution in volume of the spleen, 
_ intestines and limbs—in the last case after a preliminary and probably 
passive expansion. But whilst the active principle of suprarenal 
extract causes marked diminution of the kidney and complete stoppage 
of the secretion of urine, extract of pituitary generally produces, 
after a short period of latency, a remarkable and long-continued 
expansion of the organ, accompanied by a decided and often prolonged 
diuresis. 

In illustration of this the following experiment may be given: In a 
dog weighing 10 kilog. which was yielding during each interval of 
5 minutes rather less than 2 cub. cent. of urine, the amount rose after 
injection of 2°5 cub. cent. of a 2 p.c. decoction of the whole gland to 
14 cub. cent. in the 5 minutes, the secretion being about equal from 
both kidneys although only one was in the plethysmograph. The rise 
of blood-pressure was small and lasted a few minutes only, whilst the 
flow of urine reached its maximum in about 15 minutes and at the end 
of 30 minutes was still double the original amount. Whilst at first the 
increase in volume of the kidney and the flow of urine were concomitant, 
the expansion continued after the diuresis had ceased, a condition which 
has been shown to obtain for other diuretics*, Succeeding injections of 
the extract produce a similar but usually less marked diuresis and 
kidney expansion, with little or no rise of blood-pressure. 

With regard to the part of the gland which yields the substance 
having the above-described action upon the kidney vessels we have 
ascertained that as with the effect upon the heart and blood-pressure 
the active material is contained in the infundibular or nervous portion 
alone: the hypophysial or epithelial portion producing either no effect 
or a very slight one: the latter when it occurs may well be due to 
infiltration from the nervous portion, since the glands before they came 


1 For the literature of this see Schiifer and Swale Vincent, Journ. Phys. xxv. 
2 Gottlieb and Magnus, Arch, f. exp. Path. u. Pharm. xv. p, 223. 
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into our hands had always been removed for some hours from the 
animal (ox). We have further ascertained that alcohol extracts do not 
produce the above effect: these on the contrary tend, at least in some 
animals, to cause a temporary fall of blood-pressure. This is not 
however accompanied by expansion but by contraction of the kidney 
and by diminution in the flow of urine. Such depressor effects are 
probably due to cardiac weakening and are most readily got with the 
cat; the heart of which animal is well known to exhibit a high degree 
of sensitiveness to the injection of foreign substances into the blood. 
It is therefore probable that this diminution of volume is not specific 
as appears to be the case with the kidney expansion and diuresis which © 
are caused by water extracts. 


Preliminary note on secondary degeneration following uni- 
lateral lesions of the cerebral motor cortex. By SUTHERLAND 
Srpson, M.B., BSc. (Communicated by Prof. ScHAFER.) 


(From the Physiological Laboratory of the University of Edinburgh.) — 


The primary object of the research of which the following note is 
a very brief summary was to determine the relationship existing 
between the fibres of the pyramidal tract and the nuclei of the 
cranial motor nerves, Sixteen cats and two monkeys were experi- 
mented on, and in each case an attempt was made to divide the 
projection fibres arising from the left motor cortex in its whole 
extent. In one case Professor Schafer placed at my disposal the 
brain and spinal cord of a dog in which he had, in the course of 
another investigation, made a lesion in the left motor cortex, in order 
that I might examine the secondary degeneration resulting therefrom. 
After operation the animals were allowed to live for a period ranging 
from 2 to 5 weeks during which time the motor and sensory disturbances 
resulting from the lesion were carefully observed; they were then killed 
with chloroform and segments of the brain and spinal cord were treated 
by the Marchi method. 

Results. Physiological. No direct relationship was found to exist 
between the motor and sensory paralyses on the affected (right) side of 
the body. In several cases while voluntary motor paralysis was complete, | 
sensation (tactile, thermal, pain) was scarcely at all affected, and in one 
case, at least, there was hyperesthesia of the paralysed (motor) side. — 

Anatomical. Cat. Secondary degeneration was found in the internal 
capsule of the same (left) side occupying about its middle three-fifths, 
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the anterior and posterior extremities being free. From the internal 
capsule a few fibres passed to the grey matter of the optic thalamus 
and a considerable amount of fine degeneration was seen in this grey 
matter. In the mid-brain the whole of the left crusta was degenerated 
with the exception of a narrow marginal area along its antero-lateral 
border, and from its posterior aspect degenerated fibres passed backwards 
through the substantia nigra, into and through the tegmentum and were 
seen to end for the most part in the grey matter of the anterior corpus 
quadrigeminum of the same side, but a few crossed the middle line in 
the roof of the aqueduct and were lost in the quadrigeminal body of 
the opposite side. Boyce? has described similar fibres passing from 
the outer extremity of the crusta in two cases (both cats), I have 
observed them leaving the whole posterior aspect of the crusta as well 
as its outer extremity, and in some instances they have been very 
numerous. In every case throughout the whole extent of the mesen- 
cephalon there was a varying amount of fine degeneration amongst the 
grey matter of the substantia nigra posterior to the degenerated crusta. 
In the pons the pyramidal bundles were found to be uniformly degene- 
rated on the side of the lesion, and surrounding these bundles amongst 
the cells of the nuclei pontis through which they pass an extraordinarily 
large amount of fine or terminal degeneration was found in the case of 
every animal examined. No fibres were seen to pass backwards from 
the pontine pyramidal bundles towards the grey matter of the floor of 
the 4th ventricle, as had been observed from the crusta in the mid-brain, 
and no fine degeneration was present in that grey matter. In the 
medulla oblongata no fibres could be traced to the motor nuclei situated 
in this region, as Mellus*, Hoche*, Romanow‘, and others state they 
have succeeded in doing, nor was there any evidence of fine degeneration 
amongst the cells of these nuclei. In the cervical, dorsal and lumbar 
regions of the spinal cord both crossed and direct lateral pyramidal fibres 
were found degenerated, aud from the crossed pyramidal tract a few 
fibres could be traced into the grey matter at the base of the posterior 
horn, and a considerable amount of fine degeneration was visible in this 
position, while no fibres were seen passing to the anterior horn. This 
corroborates the observations of v. Monakow’ and Schafer® as to the 
mode of termination of the fibres of the pyramidal tract in the grey 
matter of the spinal cord. 


1 Phil. Trans. Roy. Soc. 1895, Pt I. (B), p. 821. Neurol. Central. 1898, p. 598. 
* Proc. Roy. Soc. tym. p. 206. (1895.) 5 Arch. f. Psych. xxv. 1895. 
* Arch. f. Psychiat. 1898, p. 108, © Jour. of Physiol. xxxv. p. 22. 
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Monkey. In the case of the two monkeys examined the above 
description applies, but there are one or two points of difference. In 
the mid-brain the crusta was not degenerated in its whole extent, as in 
the cat, but its lateral fourth was free from degeneration, and no fibres 
could be seen passing backwards from the crusta to the anterior corpora 
quadrigemina, In the pons the more laterally placed bundles contained 
fewer degenerated fibres than those nearer the middle line. | 

Dog. No fibres could be traced from the degenerated crusta to the 
anterior corpora quadrigemina, but in all other points the results are 
the same as in the cat, 

In both monkey and dog the fine degeneration in the pons is quite 


as abundant as in the cat. 


Acid poisoning in birds. By T. H. Mizroy. 
(From the Physiological Laboratory of the University of Edinburgh.) 


_ Experiments were performed on geese, turkeys, and ducks with 
a view to elucidate the mode of uric acid formation in birds. The 
effect of acids upon carnivora and herbivora, which excrete, as their 
main nitrogenous waste product, urea, has been long recognised ; but 
their effect upon the nitrogenous metabolism in birds has not, so far 
as I know, been directly worked out, if a recent paper by Pohl and 
Miinzer’ be excepted. These writers refer to the action of hydro-— 
chloric acid and ammonium chloride on hens, but only with regard 
to the way in which poisoning symptoms are produced, in order to 
determine whether birds are to be classed with the herbivora or the 
resistant carnivora. Minkowski showed that removal of the entire 
liver from geese results in almost complete disappearance of uric acid 


from the urine, its place being taken by ammonia and sarcolactic acid. 


The operation was, however, so severe and the birds lived for so short 
a period after the operation that Minkowski’s results, valuable as 


they are, have still to be received with caution. In order to separate 


urine from faeces he tied the bowel above the cloaca, a procedure which 
militates against the value of his results. v. Knierem and others 
who followed him examined the mixed urine and feces, a method 
which introduces a number of fallacies when it is important to estimate 
the amount of ammonia. 


Method of operation. The anesthetic used was ether with a 


1 Arch, f. emp. Pathologie u. Pharmakologie, § 28 
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preliminary injection of morphia (gr. }). Chloroform could not be 
used, as birds easily succumb to it. An artificial anus was made in — 
the anterior abdominal wall, the lower end of the gut being invaginated 
and closed with catgut sutures. A tube was inserted into the upper 
opening and kept there until good adhesions had formed between 
gut and abdominal wall. After the operation water alone was given 
for twenty-four hotrs, milk and water on the following two days, and 
then the usual diet. An indiarubber bag was fixed over the cloaca 
and urine thus collected free from feeces. The birds always stood the 
operation well, could move about as usual and were as a rule kept 
alive for five or six months. After they had arrived at nitrogen 
equilibrium and the normal excretion of ammonia, uric acid, alloxur. 
bases, etc., had been determined, acids were given in varying quantities. 
Hydrochloric acid was first investigated, 4—'5 grm. per kilo body 
weight being given in 0°8°/, solution. This produced only to a very 
slight extent symptoms of acid poisoning such as Walter noticed 
in rabbits and Pohl and Miinzer in rabbits and hens. The effect 
upon the urine was immediate and striking; instead of the normal 
thick flocculent deposit of urates, an exceedingly watery urine was 


: passed in which there were only a few scattered white flakes, This 


condition persisted for a day or two after the acid had been discon- 
tinued. The amount of urine was larger than normal, of low specific 
gravity and of approximately the same slight acidity as occurs normally. 
On analysis the urine was found to contain only about one-tenth of 
the normal amount of uric acid, while there was a great rise in the 
ammonia excretion, just as in carnivora. The urine gradually became 
rich in uric acid and poorer in ammonia after discontinuing the acid. 
The alloxuric excretion, apart from the uric acid, was only slightly 
affected—a point of importance. 

The effect of giving lactic acid was also investigated, 0'5—1 grm. 
per kilo body weight in ‘8°/, solution was given in the twelve hours. 
Symptoms of acid poisoning were more distinct than with HCl and 
the effect upon the urine was even more marked. It had not such 
a marked diuretic effect, but the urine passed was watery with only 
a few white flakes, and on analysis the uric acid was found to be 
exceedingly small in amount, while about 60 °/, of the nitrogen excreted 
was in the form of ammonia instead of about 20°/, as in the normal. 
Again on resuming normal diet the original conditions soon returned. 

In view of Pohl and Miinzer’s work it was important to investigate 
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the effect of these acids after neutralisation, and as they had shown 
that after ammonia chloride symptoms of acid — developed 
I examined ammonium lactate’. 

Whenever the lactic acid was neutralised with ammonia very much — 
larger quantities could be tolerated, from four to five grammes per 
kilo body weight having no deleterious effect. The urine passed 
contained a much denser precipitate of urates than normal and it 
was found that the uric acid was absolutely increased, the ammonia 
excretion also being high. The alloxur bases still remained at the 
very low level which exists in birds’ urine. When one remembers 
the important relationship between nuclein metabolism and uric acid 
excretion in mammals, it is significant to note that although birds 
excrete such a large quantity of uric acid, the excretion of alloxur 
bases is very small. That uric acid may be increased even in birds 
by giving nucleins, can be readily shown by feeding with nucleic acid. 
The discussion of this subject, as well as the results of transfusion, 
removal of liver, etc., will be reserved for the full paper. | 


A preliminary communication on some products of the 
Darras: of reducing agents on hematin. By J. A. MILRoy. 


‘(irom the Physiological Laboratories of the Yorkshire College, Leeds, 
and the U: nwersity of Edinburgh.) 


One of the chief obstacles to the study of the products of the 

- reduction of hzematin was found by previous observers to lie in their 
readily undergoing oxidation when exposed to the air. It seemed 
therefore desirable to obtain some reducing agent which might be both 
gradual in its action and also allow one to obtain the products of its 
reducing action in a form resistant to the oxidising influence of. the air. 
Unstable. products of reduction have in some. cases been obtained as 
stable acetyl derivatives by combining acetylisation with reduction. 
Since Nencki and others have shown that hematin and hzemato- 
‘porphyrin readily yield derivatives with alcoholic and acid radicles, I 
thought that the combination of acetylisation with reduction might 
possibly yield interesting results in the case of the reduction products 
of hematin. For the preparation of the hemin I adopted the method 


1 It was especially desirable to give ammonium lactate, as von Schroeder did not 
investigate its action on hens, and as Minkowski showed it spinon uric acid after 
removal of the liver. 
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recently employed by Zeynek and Nencki’, of crystallisation from 
acetone containing hydrochloric acid in the proportions given in the 
paper of the latter. The hemin used separated out as large, well- 
formed crystals completely free from amorphous material. From it 
hematin was prepared in the usual way, then dissolved in glacial acetic 
acid and reduced by means of aluminium powder with the aid of heat. 
The rapidity of the reduction varies greatly with the temperature. At — 
the ordinary room temperature no spectroscopic change in the hematin 
solution is observable after twenty-four hours. The first product of the 
reduction by aluminium has a bright red colour, and on spectroscopic 
examination shows two very well marked absorption bands lying 
between D and £ almost identical in position and character with the 
bands of oxyhemoglobin. The band lying immediately to the red side 
of E seems relatively broader and darker than the 8 band of oxy- 
hemoglobin. When examined in a thick layer a band is also to be 
seen in the red. Addition of hydrochloric acid to the acetic acid 
solution produces no distinct alteration in the spectroscopic appearances. 
The pigment after separation by the method to be immediately 
described may even be boiled with concentrated hydrochloric acid 
without any distinct change in its spectroscopic characters. No 
indication of the appearance of the characteristic absorption bands of 
heematoporphyrin in acid solution is to be seen after boiling with strong 
hydrochloric acid. The solution of the pigment in glacial acetic acid 


was filtered to get rid of excess of aluminium, mixed with an equal 


volume of chloroform and the mixture then poured into water. The 
whole of the pigment remains in the chloroform. This solution, after 
being repeatedly washed with water to get rid of the greater part of 
the acid, was separated from the supernatant water. The pigment 
residue obtained after distilling off the chloroform was dissolved in 
0'5—1°/, ammonia. The alkaline solution after standing for several 
hours was filtered. The residue on the filter paper gave distinctly 
the reactions for iron. Spectroscopic examination of the ammo- 
niacal solution shows similar absorption bands to those found in 
the acetic acid solution of the pigment. In the constancy of its 
spectroscopic characters in acid and alkaline solution the pigment 
resembles the derivative of hzmatoporphyrin obtained by Saillet* 


1 Zeitschr. f. physiol. chemie, xxx. §§ 126—134, and xxx. §§ 384—435. 
2 Revue de méd, vol. xvi. p. 548. f 
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after prolonged heating of an ammoniacal solution of hamatoporphyrin. 
From its ammoniacal solution the pigment. was next precipitated by 
the addition of dilute acetic acid until the fluid became distinctly acid 
in reaction. The precipitate was then washed and a small quantity 
incinerated. The ash, on being dissolved in hydrochloric acid, gave 
only a very faint red colour with potassium sulphocyanate. I purpose 
to examine a larger quantity of the pigment to find out whether this 
trace of iron is merely due to the presence of adhering ferric hydrate or 
of a small quantity of undecomposed hematin. 

Action of zinc dust dissolved in glacial acetic acid on the first 
product of the reducing action of aluminium on hematin. The 
pigment after being again dissolved in ammonia and reprecipitated 
with dilute acetic acid was dissolved in glacial acetic acid and reduced 
_by the gradual addition of zinc dust at a temperature between 50° and 
60°C. After four to five hours the solution acquired a bright green 
colour and on spectroscopic examination showed two absorption bands 
on each side of the D line. The band to the red side of this line was 
much the broader and darker of the two. In spectroscopic characters 
the pigment therefore closely resembles bilicyanine in acid solution as 
described by Heynsius and Campbell’. It was obtained in a 
chloroform solution which was repeatedly washed with water. During 
this process the chloroform solution alters in colour, becoming greenish 
blue with red fluorescence. The spectroscopic examination of this 
pigment is not as yet completed. A small quantity of the pigment 
was also dissolved in chloroform and washed with water in an atmosphere © 
of hydrogen. This solution on exposure to air retains for several hours 
the same colour and spectroscopic characters as the original pigment 
when dissolved in glacial acetic acid; but ultimately acquires the 
greenish blue tint and red fluorescence already described. On distilling 
off the chloroform the pigment residue was found to be soluble in dilute — 
alkalis, (e.g. 1°/, KOH). The latter fact together with the readiness 
with which the pigment undergoes alteration on exposure to air 
indicate that the acetylising was either incomplete or that the acetyl 
compounds formed were very readily saponified by dilute alkalis. I 
hope to overcome these difficulties by the adoptiqn of some modifications 
in the method of reduction. 3 


1 Pfiiger’s Arch. f. d. gesammte Physiologie, tv. p. 520. 
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The ee human skin. By A. D. 
WALLER. 


Surviving human skin, from recently amputated limbs, tested 
electrically in the same manner as frog’s skin (Proceedings of the 
Royal Society, June 6) gives results very similar to those afforded 
by the latter. 

[The normal current of the frog’s skin is negative or ingoing; the 
- normal response to a single induction shock of any direction, and to 
tetanising currents is positive or outgoing. J 

The electrical response of surviving human skin to direct exctbasion 
by single induction currents of either direction, and to tetanising cur- 
rents of alternating directions is positive or outgoing. The reaction 
takes origin at the deeper layers of the epidermis and is absent from 
the corium and from subcutaneous fat. It is abolished by heat to about 
60° and by cold to about 6° (1.e. temperature of surrounding air). 

The electrical conductivity of living skin is greatly augmented 
(e.g. x 2 or more) in consequence of the passage of induction shocks; 
that of dead skin is less affected. The conductivity is of course 
‘greatly augmented (e.g. x 10 or more) by boiling; it is also greatly 
augmented in consequence of congelation, and in the course of natural 
death changes. 

In examining whether an excised piece of human skin is alive or 
dead by means of its electrical reactions to induced currents, the 
principal points of difference are found to be as follows (the numbers 
placed beneath the arrows indicating actual values in voltage of the 
reactions in a representative experiment) : 


REsPonsE. 
ExcrraTIon. 
Single 
shocks 00020 00002 
00040 00002 
Tetanising (m.+——— - 4 
currents br. + 00100 00004 
ter 00090 00004 


From which it may be seen that : 

(1) The response of living skin is throughout positive or outgoing, 
1.¢. in the direction of what was described in previous communications 
as “ blaze-current.” 
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(2) The response of dead skin is throughout in the direction of 
polarisation-current. (N.B. With tetanising currents of alternating 
direction, the summed polarisation effect of “ makes” -exceeds that of 
“breaks”, and the resultant is in the direction of break.) 

With regard to the time of survival of human skin it is difficult 
to specify a limit. In any case the “living state” subsides gradually 
and with gradually decreasing rapidity. ‘In different cases the sub- 
sidence is more or less rapid—more rapid in that of a presumably 
feeble skin than in that of a presumably vigorous skin. I have seen, 
e.g., unmistakable positive response 7 and 10 days after excision, and 
absence of positive response 48 hours after natural death. 


O mum 10 20 30 


Jetanigung 
The typical effects of electrical excitation of excised human skin. 
Skin that is still alive gives positive response to both directions of electrical exci- 
tation. Its conductivity is augmented in consequence of excitation. 
Skin that is dead (or that has been killed by boiling) gives only polarisation effects 
of low E.M.F. Its conductivity is relatively high, and but slightly augmented in 
consequence of excitation. ‘ 
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Cats. I have made trial under similar experimental conditions of 
the skin currents of the cat’s foot. 

Electrical excitation of the sciatic nerve gives a negative (ingoing) 
effect. of a pad (as first stated by Hermann and Luchsinger in 
1878), with a lost time of 3 secs., that rapidly subsides and finally 
disappears within the first hour after death. 

Direct excitation of an excised pad gives at first a negative (ingoing) 
effect. Later and with stronger excitation, only a positive (outgoing) 
effect is obtained, as in the case of human skin. This positive effect 
is abolished by boiling. The longest time during which I have followed 
it post, mortem has been 7 days. : 


Salmon fungus. By J. THropore CasuH. 


The Author demonstrated specimens of pond carp and gold 
fish, to which the Saprolegnia ferax (so-called ‘salmon fungus’) 
had been successfully transferred. Together with A. H. Lister, he 
had cultivated the saprolegnia upon various media (ants’ cocoons, 
decoction of fish skin, etc.). Transferences were made from these 
as well as from salmon showing the fungus growth, to small carp. 

If placed below a scale the fungus is observed to grow in a large 


_ proportion of cases, but over 20°/, of the fish first attacked shed the 


) growth; many of the remainder die in from 4 to 10, a few after an 
interval of as much as 32 days. Carp placed in basins containing 

fungus material become infected in the proportion of less than 4°/,, 
minnows (confirmatory of Stirling’s observation) not at all. But if 
a few scales are removed or abrasions are present on the body or 
fins of the carp, the proportion is considerably increased, growth 
occurring at this point. 

The Saprolegnia ferax as a fungus growth has been transferred 
through a series of four fish, on at least two occasions, by trans- 
plantation. 

Whilst these remarks apply to iddervations made in the winter 
season (November to middle of March), in the ensuing months and 
through the summer successful communication of the fungus to 
other fish becomes increasingly difficult; the saprophyte appears 
coincidently prone to degeneration, the zoosporangia are few and 


1 Pfiiger’s Archiv, p. 310. 1878. 
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the contents imperfectly differentiated, whilst the free growth of in- 
fusoria algae etc. in flowing water containing the saprophyte, interferes 
with its nutrition. Whilst it is not established that the Saprolegnia 
ferax is the sole or primary agency to which so-called salmon disease 
is attributable, it may safely be asserted that the fungus plays a 
highly important part in the disorder. Cultivation in media containing © 
free acids and alkalis or various salts, has been found materially to alter 
the activity and growth of the saprophyte. 
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The range of memory for series of auditory impressions. 
By W. G. Smira. (Communicated by F. W. Morr.) 


Preliminary Communication. 


The following experiments form a part of a research carried out 
in the Pathological Laboratory of the London County Asylums, for 
the purpose of investigating the mental changes, particularly those 
in memory, which occur in certain forms of insanity. In order to be 
able to estimate the nature of the abnormal changes it was necessary to 
carry out experiments under similar conditions on normal individuals ; 
it is these normal results which are here presented. 

The letters of the alphabet were arranged in chance order in series 
which varied in length from 4 to 12 letters. The letters of each series 
were spoken in succession by the experimenter at a constant rate (108 
in the minute) determined by the beating of a metronome, and as soon 
as the experimenter ceased to speak the reagent reproduced the letters 
as correctly as he could. The main results are given in two tables; the 
first contains the average of the values given by 9 individuals (7 men, 
2 women), each individual giving 15 or more experiments at each of 
the seven stages from 4 up to 10 letters, while the second contains 
_ the results gained from two individuals who have had a thorough 
scientific training, the one contributing 17, the other 22 arco at 
each stage from 6 to 12 letters. 

In the following tables the Roman numerals indicate the sii of 
letters presented, while the letters at the head of the vertical columns 
denote the character of the results at each stage. The letter r indicates 
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the number of reproduced letters which are right in every respect ; the 
letter w those which are put in a wrong position; while the letter o 
shows the number of letters of the presented series which are omitted, 
The columns headed ¢ and re represent, respectively, the letters errone- 
ously inserted, and erroneously repeated. 

_It will be observed that the two tables are in the main very similar 
with the exception that the second shows a larger number of correct 
reproductions at each stage. In the first table the maximum value is. 
reached at 8 letters, in the second at 9 letters. -All the other columns 


Tasie I. Taste II, 


w i re w i re 
4°7 0°2 0-1 VII 6°7 0-1 0°2 0°1 
VI 5°0 0°5 0°5 Vill 71 06 O01 

Vil 5°1 1°0 0°8 0°5 0°2 IX 12 0°3 0:2 

5°2 13 1% 0°7 0°4 x 6°6 20 1°4 0°4 03 
IX 4°5 22 2°4 0°8 0°7 XI 5°9 29 23 0°6 0°6 
4°7 2°2 31 08 0°8 XII 57 3°2 0°6 0°9 


show a fairly steady increase, in both tables, up to the last point, 
though at varying rates. As regards minor kinds of error which do 
not appear separately in the tables it may be remarked that the error 
of transposing groups of letters (which retain their original order) 
increases up to a certain point, after which it tends to remain constant 
or decrease. The reproduction of letters which show no trace of the 
original order increases regularly up to the last point. The error of 


inverting letters in a group which is retained in its right position 


reaches @ maximum at the stage of 7 letters in the first table, and at 
the stage of 9 letters in the second; from these points on it decreases. 
The tendency to give more letters than were in the original series is 
never large; it appears only once in the second table; in the first it is 


greatest at the stages of 6 and 7 letters, ny disappearing in the 
later stages. 


Modification of Crank Myograph. By Prof. WM. STIRLING. 


One not unfrequently finds that with the old form of crank myograph, 
especially if the wooden slot in which it is fixed becomes warped or 
twisted, the writing style may not write exactly parallel to the recording 
surface. If the excursion of the lever be large the point is apt to leave 
the recording surface and thus not write off the complete curve. 
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In the modification of the myograph shown in Figure, suggested by. 
W. Charles, and now used in Owens College, the part b bearing the 


Modification of Crank Myograph. 


crank ZL is not continuous with the support a, but is by means of a 
cylindrical rod fitted fairly tight into a corresponding socket in the 
support a. Thus the whole crank and style recording lever can be 
gently turned so that the style can make a complete record without 
altering the position of the clamp which fixes the whole apparatus 
to the wooden support. The apparatus is made by C. F. Palmer. 


An experiment on Binocular Colour Vision with _—s 
postage-stamps. By Dr W. STIRLING. 


More than a year ago when visiting my friend Professor Griitzner 
in Tiibingen he was good enough to present me with a stereoscopic slide 
with the words Green (Griin) and Red (Roth) printed in corresponding 
colours. Both colours were deep in tint and when looked at with the 
stereoscope gave a binocular mixed colour. 

Some time after it occurred to me to test the effect of binocular 
vision of two postage-stamps neither of which had such a saturated tint 
as the colour chosen by Prof. Griitzner. Moreover in the stamps 
there is much detail. 

The postage-stamps I used were the present half-penny greenish 
_ stamp, showing the head of the late Queen Victoria, and a greenish 
ring on a white background. The other was the reddish- coloured 
half-penny stamp which has been discarded some time ago, to give 
place to the new green one, in order to bring our stamp colours to 
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harmonise with the green chosen by other nations for what is practically 


@ half-penny stamp. 


On fixing to a blank stereoscopic paper slide a green and red half- 
penny stamp at the requisite distance from the medial plane and on 
looking at the two with a stereoscope so as to combine the two images 
stereoscopically—as the two stamps are in all respects alike, save 
colour—one gets an admirable example of binocular colour mixture. 
In artificial light, such as that of a paraffin reading-lamp, whether they 


’ be combined by means of a stereoscope or without it, the mixed colour 


appears almost a dead black, to many a deep greyish black. 

The result is equally striking in the ordinary daylight, when the 
single image appears black. 

I had the pleasure of showing this simple experiment at the 
meeting of the Neurological Society in Manchester in June last. Of 
course it is easy to obtain mixed colours with stamps of other colours. 
It is an admirable and instructive class experiment. I believe Prof. 
Schenck has made similar combinations with Bavarian stamps. | 
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Electrical response of woitadas protoplasm to mechanical 


_ excitation. -By A. D. WALLER. 


In consequence of local injury vegetable like animal protoplasm 
becomes electropositive in relation to normal protoplasm, and the 
alteration gradually subsides. The £M.F. of this change varies with 
the state of “livingness” of the plant or plant-organ, and frequently 
exceeds volt. 

Local excitation—mechanical, thermic, chemical, and electrical—of 
normal vegetable protoplasm renders the excited spot electropositive in 
relation to any non-excited spot, and the luminous stimulation of leaves 
arouses similar but more complex electromotive change. The E.M.F. 
due to a strong stimulus—mechanical or electrical—may amount 
to jth volt, that due to luminous excitation to »,th volt; in both 
cases the magnitude of effect varies with the “livingness” of the plant- 

organ—e.g. the mechanical excitability of a vine-shoot and the luminous 
excitability of a lily leaf are greatest in the spring—and in every case 
the effect of excitation is abolished (1) at high and low temperatures, 
(2) by anesthetics, and (3) by tetanisation. - 

The electrical effects of local injury and of local excitation are 
closely similar, and the question at once arises whether an effect 
considered as due to excitation is not in reality due to injury. 

Experiment (1955). A straight portion of fresh vine-shoot is laid 
upon a glass plate and securely fastened to it by modelling wax. Two 
portions, A and B, 4 cm. apart, are led off to a recording galvanometer 
by bridges of saline clay with which the clay ends of unpolarisable 
electrodes are brought in contact. By means of a miniature guillotine 
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a weight is dropped upon the stem close to A or close to B, The 
weight strikes the vine-stem by a wooden edge 1 mm. broad at right 
angles to the long axis of the stem, and with an energy that can be 
varied by variations of weight x height. By suitable adjustment of 
these factors we may settle upon a convenient mechanical stroke giving 
at suitable intervals a regular electrical response (current in the stem 
from struck to unstruck point) temporary in character and of uniform 
magnitude. | 

The effect is abolished at high and low temperatures, by anzsthetics, 
and by strong tetanisation—in short by any agency that abolishes the 
excitability of protoplasm—and must therefore be regarded as an exci- 
tatory effect or sign of life. 

With greater energy of stroke the electrical response is of higher 
voltage and of greater duration. With excessive energy of stroke a 
very prolonged “deflection remainder” is witnessed evidently significant 


8 10 15 20 77. 


Fig. 1. Vine-shoot. Electrical effects of mechanical excitation 
(10 centigrammetres) before and after boiling. 

The first four excitations (before boiling) give responses of 0-060, 0-045, 0°045, 
and 0°040 volt. The 5th, 6th and 7th excitations (after boiling) give no 
response. 

The deflection preceding the Ist excitation is by 0°04 volt, and the resistance of 
the stem between leading-off electrodes was 500,000 ohms. The deflection 
preceding the 5th excitation is by 0-01 volt, and the resistance of the boiled 
stem was 60,000 ohms. 


of permanent injury. With moderate energy of stroke delivered at 
shorter intervals the usual piling up of effects known as “summation 
of effects,” or the progressive diminution of effects known as fatigue, 
are manifested. — 

Similar phenomena are obtained in any living vegetable, organs 
of suitable form, and in the case of young rapidly growing shoots 
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e.g. bean radicles, an adequate mechanical stimulus may be extremely 
small—e.g. a single light touch by a bristle, or even by a hair, barely 
perceptible by the skin of the back of the hand, gives large electrical 
effect in the bean-radicle—current in the radicle from A to B when A 
is touched, from B to A when B is touched. 

Experiment (3023). Bean-radicle (Phaseolus) 3 inches long and quite 
etiolated, incubated in the dark at 25° for 5 days. Led off to recording 
galvanometer by two unpolarisable electrodes A and B. The radicle is 
struck transversely near A, then near B, by a bristle fixed to the end of 
a revclving rod. In each case the deflection is such as to indicate that 
the struck spot is rendered electropositive (galvanometrically negative) 
to the unstruck spot. The effects are cémpletely abolished by strong 
tetanisation. 

The abolition is final after strong tetanisation, 1.e. the plant tissue 
has been killed. With currents of moderate strength recovery may be 
witnessed. With mechanical stimuli at comparatively short intervals 
“fatigue” becomes evident. 


VOLT 
“04 


Fig. 2. 


Experiment (2000). A vine-shoot mechanically excited at 2 minute 
intervals by stroke of 5 centigrammetres gave series of responses 
= 0°0287, 0°0173, 00120, 0°0120 and 00120 volt. In consequence of a 
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strong induction shock the response fell to 00015 volt; 10 minutes 
later it. was 00040 ; 20 minutes later 0°0055 ; 30 minutes later 00075. 

Objection may be taken with regard to the response to mechanical 
(and to electrical) stimuli to the effect that such response is due, not to 


excitation, but to injury. To which the most obvious but by no means: 


conclusive reply is that weak stimuli repeated at suitable intervals give 
responses of brief duration without any sign of injury or of fatigue. 
But in actual experiments a gradation of effects is witnessed, from 
the evanescent deflection without deflection-remainder caused by the 
weakest stimuli, through the larger deflection followed by deflection- 
remainder caused by moderate stimuli, to the prolonged and compara- 
tively permanent deflections caused by strong stimuli. There is no 
natural limit in such a series between a temporary effect of excitation 
and a permanent effect of injury, although for convenience of description 
the distinction between them may be taken on this basis. In reality 
however the time distinction is not an essential one, injury entails 
prolonged “excitation,” excitation implies evanescent “injury.” — 
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‘The isolation of the active principle of the suprarenal 
gland. By TAKAMINE, by 0. 
GRUNBAUM.) 


Since Schafer and Oliver found that the injection of suprarenal 
extract caused a rise of blood-pressure, Cybulski, Scymonowicz, 
4 Moore and many others have confirmed the observation. 
Most, if not all, the liquid extracts prepared from the gland have 

deteriorated by keeping and therefore the desiccated gland has been 

used in medicine and surgery. The obvious advantage of a sterile 
solution of the active principle of the gland occurred to many, but the 

experimenters who claim to have been successful in its preparation are 
Abel and Firth. 

J. J. Abel, of Johns Hopkins University, announced in 1898 that 
he had isolated the active principle and named it epinephrin. 

Otto v. Fiirth, of Strassburg, questioned Abel’s result and pre- 
pared a different body, which he called suprarenin. In my opinion 
neither of these substances is a pure body, but a mixture. 

Last summer I began experiments with the object of isolating the _ 
active principle, and am pleased to be able to announce that I have 
succeeded in obtaining a stable crystalline body of constant composition 
from the gland; since this body is an extremely potent vaso-constrictor 
I have been led to believe that it is the active principle, and named it 
adrenalin. 

Adrenalin is a white, light, micro-crystalline body, and assumes five 
or more forms. It has a slightly bitter taste, is sparingly soluble in 
| water, and perfectly stable in a dry form. Adrenalin possesses a faintly 
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alkaline reaction and combines with various acids to form salts. A 


solution becomes red on the addition of iodine, and green if a drop or 
two of a solution of ferric chloride be mixed with it. It is a powerful 
reducing agent in alkaline and neutral solutions, absorbs oxygen from 
the air, and may be used as a photographic developer. 

It is apparently not an alkaloid since it is not precipitated on the 


addition of the usual reagents. 


Results of its ultimate analysis suggest C,,H,sNO, as its empirical 
formula. 

Its preparation is accomplished by disintegrating the suprarenal 
glands of sheep and oxen, extracting them in water which has been 
rendered weakly acid by the addition of a few drops of acetic or 
hydrochloric acid, at 95°C. The solid residue is pressed and re- 
extracted. The liquid is filtered and then concentrated by evaporation. 
Alcohol is then added until no further precipitation occurs. The’ 
filtrate is then evaporated im vacuo and treated with ammonia or 
ammonium chloride or sodium hydrate until the solution is distinctly 
alkaline. Adrenalin crystallises out in the course of a few hours and 
may be purified by dissolving in acid and re-precipitating. 

The fact that a fraction of a drop of a 1 in 50,000 solution of this 


body when dropped into the eye blanches the conjunctiva, leaves little 
doubt that it is the active principle of the gland. The injection of 


lec. of a 0001 per cent. solution of adrenalin into the vein of an 
8 kilogram dog causes the blood-pressure to rise 30 mm. Hg. 

_ The isolation of the active principle of the gland seems to point 
towards the fact that the wonderful physiological action of the various 
glands may depend upon the effects of apparently simple chemical 
substances, and such isolation would naturally give an impetus for the 


search of active principles of the.various organs concerning which we 
know but little. 
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a. A simple form of frog-heart-lever suitable for class-work. 
By T. G. Bropiz. 


It must be the common experience of most teachers that the 
tracings of the frog’s heart-beat, recorded by the suspension method 
in class, are usually most unsatisfactory unless one is able to select 

, large male frogs. This is chiefly due to the recording lever, which 

usually possesses a considerable amount of friction and is too heavy. 

To meet these difficulties I have devised a special lever, which has 
proved so satisfactory that I give the following brief description. 


_ The lever is a long light straw and its axis is an ordinary needle 
transfixing it. A loop of fine silk is tied to the end of the short arm of 
the lever and a writing-point is fixed to the other end, The needle 


be. 
4 
OF THE 
‘al 4 
Ng 
x 
3 
\\ 
— = 
B 
4 
4 
a 
| 
~ 
<a 


xxxii PROCEEDINGS OF THE PHYSIOLOGICAL 
forms the axis and simply lies in grooves upon a brass piece shaped 


as in the figure. The one vertical, A, is bevelled off and has a V-shaped 


groove cut in it. The other vertical, B, is bevelled off on both sides 
and then V-grooves are cut across the centres of the two bevelled faces. 
To the outer side of B a thin steel plate is screwed. The heart having 
been exposed an entomological pin bent into an S-shape is hooked into 
the apex. The loop on the lever is passed into the other bend of 
the pin, and the needle then dropped into its supports. When properly 
in position the eye end of the needle rests against the steel plate, the 
needle, just past the eye, lies on the doubly-grooved end, and the point 
of the needle in the shelving groove of the opposite support. This 


.. arrangement has very little friction and is easily managed. The groove 


in the becttom of which the point of the needle engages shelving, 
enables one to use needles of slightly varying lengths and, to allow the 
needle to be brought horizontal, the needle support is fitted to a rod 
held by friction in a firm support in which it may be rotated. I find 
that the lever answers very well in class work, and that quite satis- 
factory tracings are obtained even with small and weak frogs. The 


writing-point is best made of very flexible paper. 
The lever has the further advantages that it cannot well be —— 


and is inexpensive. 


A tap for graduating the amount of anesthetic in experi- 
ments in which artificial —o is being employed. By 
T. G. 


This consists of a cylinder A fitted to the end of the respiration 
pump and connected on the one side to a glass vessel G which is filled with 
the anesthetic, and on the other side to a tube F' conducting the air to 
the animal. The tap consists of a large outer cylinder A to which two 
tubes are fixed on either side, as in the figure, and in which a second 
cylinder is closely fitted. This second cylinder is divided by a horizontal 
septum into two chambers, an upper and a lower. The upper chamber 
opens directly into the respiration pump, and when the tap is pushed 
over to the right, a side opening in the inner cylinder corresponds to 
the orifice of the tube B of the outer cylinder, All air driven from the 
pump thus passes directly through B and F to the animal. As the 
tap is turned to the left, part of the orifice leading to B is closed, and 
simultaneously, an exactly similar amount of an orifice leading to tube C 
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is opened. Part of the air is thus diverted to the anesthetic bottle and 
blows directly on to the surface of the anesthetic. This air is conducted 


} 


by the tube D through the lower chamber of the tap to the tube Z, for 
as the tap is turned the orifices of tubes D and £ are opened to the 


- same extent as the orifice of C is opened. When the tap is taken quite 


over to the left, the orifice to B is closed, those to the tubes C, D and E 
are wide open and all the air passes through the anesthetic chamber. 
A graduation on the outer cylinder A, and a pointer on the handle H 
of the tap, serve to indicate how much air is being sent through the 
anesthetic bottle, and thus how much anesthetic is being administered. 
The bottle unscrews irom the rest of the tes so that fresh anesthetic 
can be very quickly added, ae 

The form represented in the dduve screws by the colle K, to the 
bottom of the respiration pump made, from my — by Mr C.F. 
Palmer, of Brixton. 
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On the existence, within the liver cells, of canaliculi which 
are in direct communication with the blood capillaries. By 
E. A. ScHAFER. 


(From the Physiological Laboratory of the 2 of Edinburgh:) 


The specimens shown are from a liver which was injected with acid 
carmine gelatine from the portal vein. The blood vessels are full of 
the injecting material which has also passed into fine varicose canaliculi 
within the liver cells. There is no injection in the intercellular bile 
canaliculi, nor in perivascular lymphatics, nor between the cells. There 
is no diffusion of carmine nor any staining of the cells or nuclei by 
carmine. It may therefore be inferred that the injection has passed 
~ directly from the blood vessels into the liver cells; indeed here and 
there one can see what appear to be such direct communications. 

The specimens of liver which show these appearances are from the 
cat and rabbit, and they have been preserved (in spirit) in this 
Laboratory for many years; probably since about 1886. During that 
time they have been frequently used for distributing specimens of 


Liver of rabbit injected from the port vein. The injection has passed into 
canaliculi within the liver-cells. 


injected liver to members of the class of Histology. The fact that the 
injection has passed into the cells must therefore have been seen by 
many persons—Prof, Carlier tells me that he noticed it and drew 
Prof. Rutherford’s attention to it—but the extreme importance of 
the passage of injection from the vessels into such definite canals 
within the cells, without extravasation and without injection of the bile 


t 
; 
XXXiv 
td 
id 
ag 
7 
ay 
a 
4 
en 
te 
i, 
i= 
: 


SOCIETY, JAN. 18, 1902. XXXV 


canaliculi, does not seem to have been appreciated; at any rate it _— 
not hitherto been published. 

The specimens appear to offer an objective proof of the conclusion 
‘; . which Browicz' has formulated from observations on appearances 
exhibited by the liver cells both in normal and in pathological 
conditions of the organ, viz. that there must exist a network of 
nutritive canals within the hepatic cells which are in direct communi- 
cation with the lobular blood capillaries; this conclusion, Prof. Browicz 
tells me, he has never hitherto been able to verify by injection. 

J. W. and E. H. Fraser® have described intracellular passages 
in the liver cells of. frogs injected with coloured gelatine from 
the aorta and have also concluded that these passages are in direct 
communication with the blood vessels. Their injection appears to 
have been less complete than has been the case in the mammalian . 
livers here described, but there is, I think, little doubt that the 
passages they describe are the same as those of the mammal. 


4 - Preliminary note on the sympathetic system of the bird. 
By J. N. LANGLEY. 


In the bird the cervical sympathetic is in debe connection with 
the cervical spinal nerves, and has a ganglion on its course as it 
crosses each nerve. The rami communicantes consist almost entirely 
of medullated fibres. It seemed, therefore, possible that in the bird 
pre-ganglionic fibres might pass from the spinal cord to the sympathetic 
system by way of the cervical nerves, an arrangement which would 
essentially differ from that existing in the mammal. Experiment, 

however, shows that this is not the case; the pre-ganglionic fibres of 
ee the sympathetic arise from the region of the spinal cord which lies 
between and slightly overlaps the region of origin of the nerves to 
the limbs. Nevertheless section of the cervical sympathetic does not 
3 cause complete degeneration of medullated fibres in the headwards 
¥ | portion, the undegenerated fibres appear to be in part afferent fibres, 
ue and in part medullated post-ganglionic fibres; in the bird, as in the 
frog, most of the ade fibres leaving the lateral chain of 
ganglia are medullated. 
4 If the cervical spinal cord is cut and the-Jower end is stimulated, 


1 Bulletin de Vacadémie des sciences de Cracovie, 1899, 
 * Journ, Anat. & Phys. xxrx. p. 240. 1895. 
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the contour feathers over the whole of the body are drawn close to the 
skin; the nerve-fibres having this effect leave the cord in the region 
mentioned above, end in the ganglia of the lateral chain, from which 
post-ganglionic fibres pass off to the corresponding spinal nerves, 
running to the skin in the cutaneous branches. 

After section of the cervical sympathetic, the feathers are ruffled, 
t.e. somewhat erected, in the region of peripheral distribution of the 
nerve; the ruffling is much greater on the neck than on the top of 
the head, and continues for at least five weeks—the longest time of 
observation so far. The section causes also some lessening of the 
palpebral aperture, marked. especially by a droop of the upper eyelid. 

Nicotine up to 50 mgrms. does not paralyse the pre-ganglionic 
fibres, though it may weaken their effect. On injection, it causes 
flattening of the contour feathers over the whole body; the same effect 
is produced by asphyxia; after injection, stimulation of the cervical 
sympathetic may cause erection instead of flattening of the feathers on 
the lower jaw. 

The experiments have been made chiefly on the pigeon; after 
deciding one or two still doubtful points, I propose to turn to the 
available birds. 3 
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